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Inhibitor Imaging Agents. 

Field of the Invention. 

The present invention relates to diagnostic imaging agents for in vivo imaging. The 
imaging agents comprise a metaUoproteinase inhibitor labelled with an imaging 
moiety suitable for diagnostic imaging in vivo. 

Background to the Invention. 

The matrix metalloprotemases (MMPs) are a family of at least 20 zinc-dependent 
endopeptidases which mediate degradation, or remodelUng of the extracellular matrix 
(ECM) [Massova et al FASEB J 12 1075 (1998)]. Together, the members of the 
MMP family can degrade all of the components of the blood vessel wall and therefore 
play a major role in both physiological and pathological events that involve the 
degradation of components of the ECM. Since the MMPs can interfere with the cell- 
matrix interactions that control cell behaviour, their activity affects processes as 
diverse as cellular differentiation, migration, proUferation and apoptosis. The 
negative regulatory controls that finely regulate MMP activity in physiological 
situations do not always fvmction as they should. In^propriate expression of MMP 
activity is fliougjit to constitute part of the pathological mechanism in several disease 
states. MMPs are therefore targets for therapeutic metalloproteinase inhibitors 
(MMPi's) in many inflammatory, malignant and degenerative diseases [Whittaker et 
al Chem. Rev. 99, 2735 (1999)]. 

Consequently, it is believed that synthetic inhibitors of MMPs may be usefiil in the 
treatment of many inflammatory, malignant and degaierative diseases. Furthennore, 
it has been suggested ttiat inhibitors of MMPs may be useful in the diagnosis of these 
diseases. WO 01/60416 discloses chelator conjugates of matrix metalloproteinase 
(MMP) inhibitors, and their use in the preparation of metal complexes with diagnostic 
metals. The specific classes of MMP inhibitor described are hydroxamates, especially 
succinyl hydroxamates. The compounds are proposed to be usefixl in the diagnosis of 
cardiovascular pathologies associated with extracellular matrix degradation such as 
atherosclerosis, heart failure and restenosis. Preferred MMP inhibitors, chelators and 
linkers are described therein. A report by Zheng et al [Nucl. Med. Biol. 29 761-770 
(2002)] documented the synthesis of MMP inhibitors labelled with the positron 
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emission tomography (PET) tracers "C and ^^F. The compounds described therein 
are postulated to be useful in the non-invasive imaging of breast cancer. 



The Present Invention. 
5 It has now been found that a particular class of sulphonamide hydroxamate matrix 

metalloproteinase inhibitors (MMPi's) class labelled with an imaging moiety are 

useful diagnostic imaging agents for in vivo imaging and diagnosis of the mammalian 

body. These compounds present superior MMP inhibitory activity with Ki in the sub- 

nanomolar range. The urinary excretion profiles of the MMPi's of the invention can 

10 be adjusted by use of appropriate linker groups, especially polyethyleneglycol (PEG) 

linker groups. 

■ 

The imaging agents of the present invention are useful for the in vivo diagnostic 

« 

imaging of a range of disease states (inflammatory, maUgnant and degenerative 
15 diseases) where specific matrix metalloproteinases are known to be involved. These 
include: 

(a) atherosclerosis, where various MMPs are overexpressed. Elevated levels of 



MMP-1, 3, 7, 9, 11, 12, 13 and MTl-MMP have been detected in human 



atherosclerotic plaques [S.J. George, Exp. Opin. Invest. Dmgs, 9(5), 993-1007 



20 



(2000) and references therein]. Expression of MMP-2 [Z. Li et al. Am. J. Pathol 



148. 121-128 (1996)] and MMP-8 [M. P. Herman et al. Circulation, 104, 1899- 



1904 (2001)] in human atheroma has also been rq)orted; 



25 



30 



(b) chronic heart failure (Peterson, J. T. et al Matrix metalloproteinase 
inhibitor development for the treatment of heart failure. Drag Dev. Res. 
(2002), 55(1), 29-44 reports that MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, 
MMP-13 and MMP-14 are upregulated m heart failure); 

(c) cancer [Vihinen et al, hit. J. Cancer 99, pl57-166 (2002) reviews MMP 
involvement in cancers, and particularly highlights MMP-2, MMP-3, MMP-7, 
and MMP-9]; 

(d) arthritis [Jacson et al, Inflamm. Res. 50(4), pi 83-1 86 (2001) "Selective 
matrix metalloproteinase inhibition in rheumatoid arthritis - targeting 
gelatinase A activation", MMP-2 is particularly discussed]; 
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(e) amyotrophic lateral sclerosis [Lim et al, J.Neurochem, 67, 251-259 (1996); 
where MMP-2 and MMP-9 are involved]; 

(f) brain metastases, where MMP-2, MMP-9 and MMP-13 have been reported 
to be impUcated [Spinale, CirciiLRes., 90, 520-530 (2002)]; 

(g) cerebrovascular diseases, where MMP-2 and MMP-9 have been reported to 
be involved [Lukes etal, Mol.Neurobiol., 19, 267-284 (1999)]; 

(h) Alzheimer's disease, where MMP-2 and MMP-9 have been identified in 
diseased tissue [Backstrom et al, J.Neurochem., 58, 983-992 (1992)]; 

(i) neuroinflammatory disease, where MMP-2, MMP-3 and MMP-9 are 
involved [Mun-Bryce et al, Brain.Res., 933, 42-49 (2002)]; 

(j) COPD (ie. chronic obstructive puhnonary disease) where MMP-1, MMP-2, 
MMP-8 and MMP-9 have been reported to be upregulated [Segura-Valdez et 
al. Chest, 117, 684-694 (2000)] amongst others; 

(k) eye pathology [Kurpakus-Wheater et al. Prog. Histo. Cytochem., 36(3), 
179-259 (2001)]; 

(1) skin diseases [Herouy, Y., Int. J. Mol. Med., 7(1), 3-12 (2001)]. 
Detailed Description of the Invention. 

4 

Id a first aspect, the present invention provides an imaging agent which comprises a 
metalloproteinase inhibitor of Formula (I) labelled with an imaging moiety, wherein 
the imaging moiety can be detected following administration of said imaging agent to 
the mammalian body in vivo : 




(I) , 

where: 

Y is H or -(CH2)w-(C=0)-Z; where w is an integer of value 1 to 6; and 
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Z is OH, Ci-6 alkoxy, C4-10 aryloxy or NR^R^ wherein and R^ are 
each independently selected from the group consisting of H, Ci^ alkyl, 
C3.6 cycloalkyl, C1.6 fluoroalkyl or C440 aryl. 

and together with the carbon atom to which they are attached, form a 
5 C3-10 saturated ring which may be alicycUc or bicycUc, and may optionally 

incorporate 1 or 2 heteroatoms chosen from O, N and S; 

X^ is H, Ci-3 alkyl or C1.3 fluoroalkyl; 

is a group of formula -[A^]p[0]qA^ where p and q are 0 or 1, and is Ci. 
10 alkylene, C3.8 cycloalkylene, Cmo perfluoroalkylene, Ce-io arylene or C2-10 
10 heteroarylene, and A^ is H, Cmo alkyl, C3.8 cycloalkyl, Cmo perfluoroalkyl, 

C6-10 aryl or C2-10 heteroaryl, with the proviso that when p=0, q is also 0 and 
A^ is not H. 

In Formula (I), is preferably -(CH2)w-(C=0)-Z. w is preferably 1, 2 or 3 and is 
1 5 most preferably 2 or 3, ideally 2. X^ is preferably H, CH3 or CH2F, and is most 
preferably H or CH3, ideally H. Y^ is preferably A^, where A^ is Ce-io aryl or C2-10 
heteroaryl or -A* [0]qA^ , where A* is C6.10 arylene and A^ is Ce-io aryl or C2.10 
heteroaryl. 

20 Z is preferably NR^R^, and is most preferably chosen such that one of R^ and R^ is H, 
and the other is not H. 

Suitable monocyclic rings formed by X^ and X^ together with the carbon atom to 
which they are attached include: cycloalkane (such as cyclopentane or cyclohexane), 

25 piperidine, tetrahydrofiiran, tetrahydropyran, tetrahydrothiophene and 

tetrahydrothiopyran. Suitable bicyclic rings include: bicyclo[2.2.2]octanej, 
bicyclo[2.2.3]nonane and bicychc tetrahydropyrans having additional. ethylene 
bridges. The rings of X^ and X^ may fiirther optionally comprise one or more 
hydroxyl, C1-3 alkoxy or C1-3 fluoroalkyl substituents. Preferred rings formed by X^ 

30 and X^ together with the carbon atom to which they are attached are C4-6 

cycloalkylene, or 4-to 6-membered rings incorporating a single ether linkage, most 
preferably cyclopentane, cyclohexane or tetrahydropyran rings. 



% 
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The sulfonamide hydroxamate matrix metalloproteinase inhibitors of the present 
invention is suitably of molecular weight 1 00 to 2000 Daltons, preferably of 
molecular weight 150 to 600 Daltons, and most preferably of molecular weight 200 to 
500 Daltons. The inliibitor is preferably of synthetic origin. 

5 

The terra "labelled with" means that the MMPi itself either comprises the imaging 
moiety, or the imaging moiety is attached as an additional species, optionally via a 
linker group, as described for Formula II below. When the MMPi itself comprises the 
imaging moiety, this means that the 'imaging moiety' forms part of the chemical 

10 structure of the MMPi and is a radioactive or non-radioactive isotope present at a 

level significantly above the natural abundance level of said isotope. Such elevated or 
enriched levels of isotope are suitably at least 5 times, preferably at least 10 times, 
most preferably at least 20 times; and ideally either at least 50 times the natural 
abundance level of the isotope in question, or present at a level where the level of 

1 5 enrichment of the isotope in question is 90 to 100%. Examples of MMPi's 

comprising the 'imaging moiety' are described below, but include CH3 groups with 
elevated levels of ^^C or ^^C and fluoroalkyl groups with elevated levels of ^^F, such 
that the imaging moiety is the isotopically labelled ^^C, ^^C or ^^F within the chemical 
structure of the MMPi. The radioisotopes and ^"^C are not suitable imaging 

20 moieties. 

The "imaging moiety^' may be detected either external to the mammalian body or via 
use of detectors designed for use in vivo, such as intravascular radiation or optical 
detectors such as endoscopes, or radiation detectors designed for intra-operative use. 
25 Preferred imaging moieties are those which can be detected extemally in a non- 
invasive manner following administration in vivo. Most preferred imaging moieties 
are radioactive, especially radioactive metal ions, ganmia-emitting radioactive 
halogens and positron-emitting radioactive non-metals, particularly those suitable for 
imaging using SPECT or PET. 

30 

The "imaging moiet/* is preferably chosen from: 

(i) a radioactive metal ion; 

(ii) a paramagnetic metal ion; 

(iii) a gamma-emitting radioactive halogen; 
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(iv) a positron-emitting radioactive non-metal; 

(v) a hyperpolarised NMR-active nucleus; 

(vi) a reporter suitable for in vivo optical imaging; 

(vii) a p-emitter suitable for intravascular detection. 

When the imaging moiety is a radioactive metal ion, ie. a radiometal, The temi 
"radiometaF' includes radioactive transition elements plus lanthanides and actinides, 
and metallic main group elements. The semi-metals arsenic, selenium and tellurium 
are excluded. Suitable radiometals can be either positron emitters such as ^"^Cu, "^^V, 
^^Fe, ^'Co, ^^"^Tc or ^^Ga; 7-emitters such as '^^'"Tc, ^"in, ^^^"^In, or ^^Ga. Preferred 
radiometals are ^^""Tc, ^Cu, ^^Ga and ^^^In. Most preferred radiometals are y-emitters, 
especially ^^"^Ic. 



When the imaging moiety is a paramagnetic metal ion, suitable such metal ions 
include: Gd(III), Mn(n), CnQI). Cr(III), Fe(III), Co(II), Er(II), Ni(II), Eu(ni) or 
Dy(in). Preferred paramagnetic metal ions are Gd(]II), Mn(II) and Fe(Iir), with 
GdCm) being especially preferred. 



When the imaging moiety is a gamma-emitting radioactive halogen, the radiohalogen 
is suitably chosen from ^^^I, ^^^I or ^^Br. A preferred gamma-emitting radioactive 



halogen is ^^^L 



When the imaging moiety is a positron-emitting radioactive non-metal, suitable such 
positron emitters include: ^^C, ^^O, ^^F, ^^F, ^^r, ^^Br or ^^^L Preferred positron- 
emitting radioactive non-meitals are ^^C, ^^N, ^^"^I and ^^F, especially ^^C and ^^F, most 
especially ^^F. 

When the imaging moiety is a hyperpolarised NMR-active nucleus, such NMR-active 
nuclei have a non-zero nuclear spin, and include ^^C,^^,^^F,^^Si and ^^P. Of these, 
^^C is preferred. By the term "hyperpolarised" is meant enhancement of the degree of 
polarisation of the NMR-active nucleus over its' equilibrium polarisation. The natural 
abundance of ^^C (relative to ^^C) is about 1%, and suitable ^-^C-labeUed compounds 
are suitably enriched to an abundance of at least 5%, preferably at least 50%, most 
preferably at least 90% before being hyperpolarised. At least one carbon atom of the 



wo 2005/049005 PCT/GB2004/004792 

7 



metalloproteinase inhibitor of the present invention is suitably enriched with ^*^C, 
which is subsequently hyperpolarised. 

When the imaging moiety is a reporter suitable for in vivo optical imaging, the 
5 reporter is any moiety capable of detection either directly or indirectly in an optical 
imaging procedure. The reporter might be a hght scatterer (eg, a coloured or 
uncoloured particle), a light absorber or a light emitter. More preferably the reporter 
is a dye such as a chromophore or a fluorescent compound. The dye can be any dye 
that interacts with hght in the electromagnetic spectrum with wavelengths from the 
1 0 ultraviolet light to the near infrared. Most preferably the reporter has fluorescent 
properties. 

Preferred organic chromophoric and fluorophoric reporters include groups having an 
extensive delocalized electron system, eg. cyanines, merocyanines, indocyanines, 

15 phthalocyanines, naphthalocyanines, triphenylmethines, porphyrins, pyrilium dyes, 
thiapyriliup dyes, squarylium dyes, croconium dyes, azulenium dyes, indoanilines, 
benzophenoxazinium dyes, benzothiaphenothiazinium dyes, anthraquinones, 
napthoquinones, indathrenes, phthaloylacridones, trisphenoquinones, azo dyes, 
intramolecular and intermolecular charge-transfer dyes and dye complexes, tropones, 

20 tetrazines, feiis(dithiolene) complexes, 6r.s(benzene-dithiolate) complexes, iodoaniline 
dyes, i>w(S,0-dithiolene) complexes. Fluorescent proteins, such as green fluorescent 
protein (GFP) and modifications of GFP that have different absorption/emission 
properties are also usefiil. Complexes of certain rare earth metals (e.g., europiimi, 
samarium, terbium or dysprosium) are used in certain contexts, as are fluorescent 

25 nanocrystals (quantum dots). 

Particular examples of chromophores which may be used include: fluorescein, 
sulforhodamine 101 (Texas Red), rhodamine B, rhodamine 6G, rhodamine 19, 
indocyanine green, Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Marina Blue, Pacific Blue, 
30 Oregon Green 88, Oregon Green 514, tetramethylrhodamine, and Alexa Fluor 350, 
Alexa Fluor 430, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 
568, Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 647, Alexa Fluor 660, Alexa 
Fluor 680, Alexa Fluor 700, and Alexa Fluor 750. 
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Particularly preferred are dyes which have absorption maxima in the visible or near 
infrared region, between 400 nm and 3 [xm, particularly between 600 and 1300 mn. 



Optical imaging modalities and measurement techniques include, but not limited to: 
5 luminescence imaging; endoscopy; fluorescence endoscopy; optical coherence 

tomography; transmittance imaging; time resolved transmittance imaging; confocal 

imaging; nonlinear microscopy; photoacoustic imaging; acousto-optical imaging; 

spectroscopy; reflectance spectroscopy; interferometry; coherence interferometry; 

diffuse optical tomography and fluorescence mediated diffuse optical tomography 
10 (continuous wave, time domain and frequency domain systems), and measurement of 

liglit scattering, absorption, polarisation, luminescence, fluorescence hfetime, 

quantxmi yield, and quenching. 



When the imaging moiety is a p-emitter suitable for intravascular detection, suitable 
15 such iS-emitters include the radiometals ^^Cu, ^^Sr, ^^Y, ^^^Sm, ^^^Re, ^^^Re or ^^^Ir, 
and the non-metals ^^P, ^^P, ^^S, ^^Cl, ^^Cl, ^^Br and ^^Br . 



The imagmg moiety is preferably attached at the Y^, X^or X^/X^ positions of the 
MMPi of Formula (1), and is most preferably attached at the Y^ or Y^ positions, with 
20 the Y^ position being especially preferred when Y^ is -(CH2)w-(C=0)-Z. It is 

especially preferred that the imaging moiety is attached to or comprises one of the R^ 
or R^ groups of a Y^ = -(CH2)w"(O=0)-NR^R^ moiety. 



The imaging agents of the present invention are preferably of Formula 11: 




[imaging moiety] 

25 (H) 
where: 

{inhibitor} is the metalloproteinase inhibitor of Formula (T); 



» 
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-(A)n- is a linker group wherein each A is independently -CR2- , -CR=CR- , 
-C^C" , -CR2CO2- , -CO2CR2' , -NRCO- , -CONR- , -NR(C=0)MI-, 
-NR(C-S)NR-, -SO2NR- , -NRSO2- , -CR2OCR2- , -CR2SCR2- , -CR2NRCR2- 



5 



, a C4-8 cycloheteroalkylene group, a C4-8 cycloalkylene group, a C5-12 arylene 
group, or a C3-12 heteroarylene group, an amino acid, a sugar or a 
monodisperse polyethyleneglycol (PEG) building block; 



R is independently chosen from H, Cm alkyl, C2-4 alkenyl, C2-4 alkynyl, 
Cm alkoxyalkyl or C1.4 hydroxyalkyl; 
n is an integer of value 0 to 10, 



10 



and is H, OH, Hal, NH2, Cm alkyl. Cm alkoxy, C1-4 alkoxyalkyl. 



Cm hydroxyalkyl or X is the imaging moiety. 



By the term "amino acid" is meant an L- or Z)-amino acid, amino acid analogue (eg. 
napthylalanine) or amino acid mimetic which may be naturally occurring or of purely 
1 5 synthetic origin, and may be optically pure, i.e. a single enantiomer and hence chiral, 
or a mixture of enantiomers. Preferably the amino acids of the present invention are 
optically pure. 

By the term "sugaf is meant a mono-, di- or tri- saccharide. Suitable sugars include: 
20 glucose, galactose, maltose, mannose, and lactose. Optionally, the sugar may be 
fimctionalised to permit facile coupling to amino acids. Thus, eg. a glucosamine 
derivative of an amino acid can be conjugated to other amino acids via peptide bonds. 
The glucosamine derivative of asparagine (commercially available from 
Novabiochem) is one example of this: 




O 
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In Formula II, is preferably the imaging moiety. This has the advantage that the 
linker group -(A)n- of Formula 11 distances the imaging moiety from the active site of 
the metalloproteinase inhibitor. This is particularly important when the imaging 
moiety is relatively bulky (eg. a metal complex or a radioiodine atom), so that binding 
5 of the inhibitor to the MMP enzyme is not impaired. This can be acliieved by a 
combination of flexibility (eg. simple alkyl chains), so that the bulky group has the 
freedom to position itself away from the active site and/or rigidity such as a 
cycloalkyl or aryl spacer which orientates the metal complex away from the active site. 

10 The nature of the linker group can also be used to modify the biodistribution of the 
imaging agent. Thus, eg, the introduction of ether groups in the linker will help to 
minimise plasma protein binding. When -(A)n- comprises a polyethyleneglycol (PEG) 
building block or a peptide chain of 1 to 10 amino acid residues, the linker group may 
function to modify the pharmacokinetics and blood clearance rates of the imaging 

15 agent in vivo. Such *l)iomodifier" linker groups may accelerate or reduce the 
clearance of the imaging agent from background tissue, such as muscle or liver, 
and/or from the blood, thus giving a better diagnostic image due to less background 
interference; when used to increase blood residence this is beneficial for maximising 
the probability of the imaging agent interacting witii the targeting biomarker at the site 

20 of pathology. A biomodifier linker group may also be used to favom: a particular 
route of excretion, eg. via the kidneys as opposed to via the hven 

When -(A)n- comprises a peptide chain of 1 to 1 0 amino acid residues, the amino acid 
residues are preferably chosen from glycine, lysine, aspartic acid, glutanaic acid or 
25 serine. When -(A)n- comprises a PEG moiety, it preferably comprises units derived 
from oligomerisation of the monodisperse PEG-like stractures of Formulae IIIA or 
mB: 
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(IIIA) 



17-amino-5-oxo-6"aza-3, 9, 12, 15-tetraoxaheptadecanoic acid of Formula IIIA 

wherein p is an integer from 1 to 10 and where the C-terminal xmit (*) is connected to 
the imaging moiety. Altematively, a PEG-like structure based on a propionic acid 
5 derivative of Formula IIIB can be used: 



- 

— HN 












O 





10 



(mB) 



where p is as defined for Formula TTTA 



and q is an integer from 3 to 15. 
In Formula UIB, p is preferably 1 or 2, and q is preferably 5 to 1 2. 



15 



When the linker group does not comprise PEG or a peptide chain, preferred -(A)n- 
groups have a backbone chain of Unked atoms which make up the -(A)n- moiety of 2 
to 10 atoms, most preferably 2 to 5 atoms, Mdth 2 or 3 atoms being especially preferred. 
A rrmiimum linker group backbone chain of 2 atoms confers the advantage that the 
imaging moiety is well-separated from the metalloproteinase inhibitor so that any 
interaction is minimised. 



20 



Non-peptide linker groups such as alkylene groups or arylene groups have the 
advantage that there are no significant hydrogen bonding interactions with the 
conjugated MMP inhibitor, so that the Imker does not wrap round onto the MMP 
inhibitor. Preferred alkylene spacer groups are -(CHi),- where q is 2 to 5. Preferred 
arylene spacers are of formula: 
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"(CH2)3-\ /-(CH2V 




where: a and b are independently 0, 1 or 2. 



The linker group -(A)n- preferably comprises a diglycolic acid moiety, a maleimide 
moiety, a glutaric acid, succinic acid, a polyethyleneglycol based unit or a PEG-like 
5 unit of Formula HIA. 

When the imaging moiety comprises a metal ion, the metal ion is present as a metal 
complex. Such metailoproteinase inhibitor conjugates with metal ions are therefore 
suitably of Formula Ha: 



By the term "metal complex" is meant a coordination complex of the metal ion with 
one or more ligands. It is strongly preferred that the metal complex is kinetically 

15 stable and hence "resistant to transchelation", ie. does not readily und^go ligand 
exchange with other potentially competing ligands for the metal coordination sites. 
Potentially competing ligands include the hydroxamic acid MMPi moiety itself plus 
other excipients in the preparation in vitro (eg. radioprotectants or antimicrobial 
preservatives used in the preparation), or CTidogenous compounds in vivo (eg. 

20 glutathione, transferrin or plasma proteins). 



The metal complexes of Formula Ha are derived from conjugates of ligands of 
Formula nb: 



10 
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[ligand] 

(lib) 

where: A, n and are as defined for Formula 11 above. 

5 Suitable ligands for use in the present invention which form metal complexes resistant 
to transchelation include: chelating agents, where 2-6, preferably 2-4, metal donor 
atoms are arranged such that 5- or 6-membered chelate rings result (by having a non- 
coordinating backbone of either carbon atoms or non-coordinating heteroatoms linking 
the metal donor atoms); or monodentate ligands which comprise donor atoms which 

10 bind strongly to the metal ion, such as isonitriles, phosphines or diazenides. Examples 
of donor atom types which bind well to metals as part of chelating agents are: amines, 
thiols, anodes, oximes and phosphines. Phosphines form such strong metal complexes 
that even monodentate or bidentate phosphines form suitable metal complexes. The 
linear geometry of isonitriles and diazenides is such that they do not lend themselves 

15 readily to incorporation into chelating agents, and are hence typically used as 
monodentate Ugands. Examples of suitable isonitriles include simple alkyl isonitriles 
such as tert-butylisonitrile, and ether-substituted isonitriles such as mibi (i.e. 1- 
isocyano-2-methoxy-2-methylpropane). Examples of suitable phosphines include 
Tetrofosmin, and monodentate phosphines such as fris(3-methoxypropyl)phosphine. 

20 Examples of suitable diazenides include the HYMC series of ligands i.e. hydrazme- 
substituted pyridines or nicotinamides. 

Preferred hgands are chelating agents, and monodentate ligands which form 
kinetically stable metal complexes such as phosphines, isonitriles and diazenides. 
25 Most preferred ligands are chelating agents, as defined above. 

Examples of suitable chelating agents for technetium which form metal complexes 
resistant to transchelation include, but are not limited to: 
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10 



where E^-E*^ are each independently an R' group; 

each R' is H or Ci-ioalkyl, C3-10 alkylaryl, C2-10 alkoxyalkyl, Ci-10 hydroxyalkyl, Cmo 
fluoroalkyl, C2-10 carboxyalkyl or Ci-10 aniinoalkyl, or two or more R' groups together 
with the atoms to which they are attached form a carbocyclic, heterocyclic, saturated 
or xmsaturated ring, and wherein one or more of the R' groups is conjugated to the 
MMP inhibitor; 

and Q is a bridging group of formula -(J)f- ; 

where f is 3, 4 or 5 and each J is independently -0-, -NR'- or -C(R')2- provided that - 
(J)f-contains a maximum of one J group which is -O- or -NR'-. 



Preferred Q groups are as follows: 

Q = -(CH2)(CHR')(CH2)- ie. propyleneamine oxime or PnAO derivatives; 
15 Q = -(CH2)2(CHR')(CH2)2- ie. pentyleneamine oxime or PentAO derivatives; 
Q = -(CH2)2NRXCH2)2-. 



E^ to are preferably chosen from: C1.3 alkyl, alkylaryl alkoxyalkyl, hydroxyalkyl, 
fluoroalkyl, carboxyalkyl or aminoalkyL Most preferably, each E^ to E^ group is CH3. 

20 

The MMP inhibitor is preferably conjugated at either the E^ or E^ R' group, or an R' 
group of the Q moiety. Most preferably, the MMP inhibitor is conjugated to an R' 
group of the Q moiety. When the MMP inhibitor is conjugated to an R' group of the 
Q moiety, the R' group is preferably at the bridgehead position. In that case, Q is 
25 preferably -(CH2)(CHR')(CH2)- , 

-(CH2)2(CHR0(CH2)2- or -(CH2)2NR'(CH2)2-, most preferably -(CH2)2(CHR')(CH2)2-. 
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An especially preferred bifunctional diaminedioxime chelator has the Formula; 





HN 



NH 




N 
I 

OH 



N 
I 

OH 



(Chelator 1) 



such that the MMP inhibitor is conjugated via the bridgehead -CH2CH2NH2 group. 



(ii) N3S ligands having a . thioltriamide donor set such as MAG3 
(mercaptoacetyltriglycine) and related hgands; or having a diamidepyridinethiol donor 
set such as Pica; 



(iii) N2S2 Ugands having a diaminedithiol donor set such as BAT or BCD (i.e. 
ethylcysteinate dimer), or an amideaniinedithiol donor set such as MAMA; 

(iy) N4 ligands which are open chain or macrocycUc ligands having a tetramine, 
amidetriamine or diamidediamine donor set, such as cyclam, monoxocyclam or 
dioxocyclam. 



(v) N2O2 hgands having a diaminediphenol donor set. 

The above described ligands are particularly suitable for complexing technetium eg. 
^"^""Tc or ^^""Tc, and are described more fully by Jurisson et al [Chem.Rev., 99, 2205- 
2218 (1999)]. The Ugands are also useful for other metals, such as copper (^'^Cu or 

Cu), vanadium (eg. V), iron (eg. ^^Fe), or cobalt (eg. ^^Co). Other suitable ligands 
are described in Sandoz WO 91/01 144, which includes Ugands which are particularly 
suitable for indium, yttrium and gadohnium, especially macrocyclic aminocarboxylate 
and aminophosphonic acid ligands. Ligands which form non-ionic (i.e. neutral) metal 
complexes of gadolinium are known and are described in US 4885363. When the 
radiometal ion is technetium, the ligand is preferably a chelating agent which is 
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tetradentate. Prefened chelating agents for technetium are the dianiinedioximes, or 
tliose having an N2S2 or N3S donor set as described above. 

Polydentate hydroxamic acids which are chelating agents are known to form metal 
5 complexes with radiometals, including ^^"^c [Safavy et al, Bioconj. Chem., 4, 194- 
198 (1993)]. The present inventors have, however, found that monodentate 
hydroxamic acids such as when is H in Formula (I), the hydroxamic acid MMPi 
may compete effectively with the conjugated ligand for the radiometal. Hence, when 
X"^ is H particular care is needed in the selection of the hgand, ie. it is necessary to 
10 choose a Ugand which competes effectively with the hydroxamic acid MMPi for the 
radiometal, to avoid formation of xmdesirable [hydroxamic acid] -[radiometal] metal 
complexes. Suitable such ligands include: phosphines; isonitriles; N4 chelating agents 
having a tetramine, amidetriamine or diamidediamine donor set; N3S chelating agents 
having a thioltriamide donor or diamidepyridinethiol donor set; or N2S2 chelating 
15 agents having a diaminedithiol donor set such as BAT or an amideaminedithiol donor 
set such as MAMA. Preferred such ligands include: the N4, N3S and N2S2 chelating 
agents described above, most preferably N4 tetramine and N2S2 diaminedithiol or 
diamidedithiol chelating agents, especially the N2S2 diaminedithiol chelator known as 

t 

BAT: 



20 



1^ 

NH HN 
SH HS 

BAT 



It is strongly preferred that the matrix metalloproteinase inhibitor is bound to the 
metal complex in such a way that the linkage does not undergo facile metabolism in 
blood, since that would result in the metal complex being cleaved off before the 
25 labelled metalloproteinase inhibitor reached the desired in vivo target site. The matrix 
metalloproteinase inhibitor is therefore preferably covalently bound to the metal 
complexes of the present invention via linkages which are not readily metabolised. 



When the imagmg moiety is a radioactive halogen, such as iodine, the MMP inhibitor 
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is suitably chosen to include: a non-radioactive halogen atom such as an aryl iodide 
or bromide (to permit radioiodine exchange); an activated aryl ring (e.g. a phenol 
group); an organometallic precursor compound (eg. trialkyltin or trialkylsilyl); an 
organic precursor such as triazenes or a good leaving group for nucleophilic 
substitution such as an iodonium salt. Methods of introducing radioactive halogens 
(including I and F) are described by Bolton [J.Lab.Comp.Radiophann., 45, 485- 
528 (2002)]. Examples of suitable aryl groups to which radioactive halogens, 
especially iodine can be attached are given below: 




Both contain substituents which permit facile radioiodine substitution onto the 
aromatic ring. Altanative substituents containing radioactive iodine can be 
synthesised by direct iodination via radiohalogen exchange, e.g. 




When the imaging moiety is a radioactive isotope of iodine the radioiodine atom is 
preferably attached via a direct covalent bond to an aromatic ring such as a benzene 
ring, or a vinyl group since it is known that iodine atoms bound to saturated aliphatic 
systems are prone to in vivo metabolism and hence loss of the radioiodine. 

When the imaging moiety comprises a radioactive isotope of fluorine (eg. '^F), the 
radiohalogenation may be carried out via direct labeUing using the reaction of '^F- 
fluoride witii a suitable precursor having a good leaving group, such as an alkyl 
bromide, alkyl mesylate or alkyl tosylate. ^¥ can also be introduced by N-alkylation 
of amine precursors with alkylating agents such as '^F(CH2)30Ms (where Ms is 
mesylate) to give N-(CH2)3'^F, or 0-alkylation of hydroxyl groups with 



wo 2005/049005 



18 



PCT/GB2004/004792 



'^F(CH2)30Ms or '^F(CH2)3Br. '^F can also be introduced by alkylation of N- 
, haloacetyl groups with a '*F(CH2)30H reactant, to give -NH(CO)CH20(CH2)3'^F 

1 $v 

derivatives. For aryl systems, F-fluoride nucleophilic displacement from an aryl 
diazonium salt, aryl nitro compound or an aryl quaternary ammonium salt are suitable 
5 routes to aryl-^^F derivatives. 

Primary amine-containing MMPis of Formula (I) can also be labelled with ^^F by 
reductive amination using ^^F-C6H4-CHO as taught by Kahn et al 
[J.Lab,Comp.Radiopharm. 45, 1045-1053 (2002)] and Borch et al [J. Am. Chem. See. 
10 93, 2897 (197 1 )]. This approach can also usefully be apphed to aryl primary amines, 
such as compounds comprising phenyl-NH2 or phenyl-CH2NH2 groups. 

Amine-containing MMP inhibitors of Formula (I) can also be labelled with ^^F by 
reaction with ^^F-labelled active esters such as: 




O 

15 to give amide bond linked products. The N-hydroxysuccinimide ester shown and its 
use to label peptides is taught by Vaidyanathan et al [NucLMedBioL, 19(3), 275-281 
(1992)] and Johnstrom et al [Chn.Sci., 103 (SuppL 48), 45-85 (2002)]. 
Further details of synthetic routes to ^^F-labelled derivatives are described by Bolton, 
J.Lab.Comp.Radiophatm., 45, 485-528 (2002), 

20 

Introduction of PET radioisotope labels at the position can be achieved by eg. O- 
alkylation of the corresponding hydroxamic acid derivative (X' = H) with triflate 
derivatives such as ^^CH30S02CF3 as taught by Fei et al [J.Lab.Comp.Radiophann., 
46, 343-351 (2003)], or Zheng et al [NuclMed.BioL, 30, 753-760 (2003)], or the ^^F 
25 O-alkylating reagents described above. ^ PET radiolabels can also be introduced by 
use of the above triflate derivative to alkylate phenolic hydroxyl groups as taught by 
Zheng et al [NucLMed Biol, 31, 77-85 (2004)]. Further methods of labelling with 
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are taught by Antoni et al [Chapter 5 pages 141-194 in "Handbook of 
Radiopharmaceuticals", M.J. Welch and C.S. Redvanly (Eds.), Wiley (2003)]. 



10 



Preferred matrix metalloproteinase inhibitors of the present invention are of Fonnula 



IV: 



X30 



(CH2)JC0)Z 

o 




CH2 CH2 o 



(IV) 



where: 



Y^, w and Z are as defined above; 

is H, CH3 or CH2F; 
X'* is -(CH2)m- where m is 1, 2 or 3, -CH2OCH2- or X^ where X^ is 
-CH-O-CH- 



(CH2)t 
where t is 2 or 3. 



15 



In Formula (IV), is preferably H or CH3, most preferably H. X"^ is preferably 
-(CH2)2-, -CH2OCH2- or an X^ group with t equal to 2. X"* is most preferably 
-(CH2)2- or -CH2OCH2-. Preferred Y^, w and Z groups of Formula (IV) are as 
described for Fonnula (I) above. 



20 



When the imaging agent comprises a MMP inhibitor of Formula IV, and the imaging 
moiety is a gamma-emitting radioactive halogen, the imaging moiety is preferably 
attached at either the Y^, Z or X"* substituents, most preferably the Y^ or Z substituents. 
When the hnaging moiety is a positron-emitting radioactive non-metal, it is preferably 
attached at the X\ X"^, Y^ or Z substituents, most preferably the X"* or Z positions. 
When X"^ is H, the positron-emitting radioactive non-metal is most preferably attached 
at the Z or X"^ positions, most preferably the Z position. 



25 



10 
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20 



Wlien the imaging moiety is a radioactive or paramagnetic metal ion, one of the or 
Z substituents is preferably attached to or comprises the imaging moiety. Most 
preferably, the Z substituent of Formula IV is preferably attached to or comprises the 
radioactive or paramagnetic metal ion imaging moiety. 



Preferred matrix metalloproteinase inhibitors of the present invention are of Formula 



V: 



(CH2UC0)Z 




CH2 CH2 o 




(V) 



where is Hal, or OR^ where R^ is C1.3 alkyl or C1.3 fluoroalkyl. 



Preferred X"*, w and Z groups of Formula (V) are as described for Formula (IV) above, 
w is most preferably 2. X^ is preferably F, most preferably 4-fluoro. 



The MMP inhibitor compounds of the present invention niay be prepared as 
1 5 summarised in Scheme 1 (overleaf) 

The synthesis of the analogous MMPi Compound 27 is given in EP 0895988 Al and 
Example 5, Further references to syntheses are provided in the review by Skiles et al 
[CuTr.Med.Chem., 8, 425-474 (2001)]. 



20 



25 



When the imaging agent of the present invention comprises a radioactive or 
paramagnetic metal ion, the metal ion is suitably present as a metal complex. Such 
metal complexes are suitably prepared by reaction of the conjugate of Formula lib 
with the appropriate metal ion. The ligand-conjugate or chelator-conjugate of the 
MMP inhibitor of Formula lib can be prepared via the bifunctional chelate approach. 
Thus, it is well known to prepare ligands or chelating agents which have attached 
thereto a functional group ("bifunctional linkers" or "bifunctional chelates" 
respectively). Functional groups that have been attached include: amine, thiocyanate. 
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Scheme 1 : Synthesis of Compound 1 . 
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maleimide and active esters such as N-hydroxysuccinimide or pentafluorophenol. 
Chelator 1 of the present invention is an example of an amine-functionalised 
bifunctional chelate. Bifunctional chelates based on thiolactones, which can be used 
to prepare BAT chelator-conjugates are described by Baidoo et al [Bioconj.Chem., 5, 

5 114-118 (1994)]. Bifunctional chelates suitable for complexation to a technetium or 
rhenium tricarbonyl core are described by Stichelberger etal [Versatile synthetic 
approach to new bifunctional chelating agents tailor made for labeling with the^c- 
[M(CO)3]^ core (M = Tc, ^^""Tc, Re): synthesis, in vitro, and in vivo behavior of the 
model complex [M(APPA)(C0)3] (appa = [(5-amdno-pentyl)-pyridin-2-yl-methyl- 

10 aminoj-acetic acid); Nucl. Med. Biol. 30, 465^70 (2003)]. Bifunctional HYNIC 
ligands are described by Edwards et al [Bioconj.Chem., 8, 146 (1997)]. Such 
bifunctional chelates can be reacted vdth suitable functional groups on the matrix 
metalloproteinase inhibitor to form the desired conjugate. Such suitable functional 
groups on the inhibitor include: 

1 5 carboxyls (for amide bond formation with an amine-functionalised bifimctional 
chelator); amines (for amide bond formation with an carboxyl- or active ester- 
functionalised bifunctional chelator); 

halogens, mesylates and tosylates (for N-alkylation of an amine-functionalised 
bifunctional chelator) and 
20 • thiols (for reaction with a maleimide-functionalised bifunctional chelator). 

The radiolabelling of the MMP inhibitors of the present invention can be conveniently 
carried out using "precursors". When the imaging moiety comprises a metal ion, such 
precursors suitably comprise "conjugates" of the MMP inhibitor with a ligand, as 

25 described in the fourth embodiment below. When tiie imaging moiety comprises a 
non-metalUc radioisotope, ie. a ganama-emitting radioactive halogen or a positron- 
emitting radioactive non-metal, such "precursors" suitably comprise a non-radioactive 
material which is designed so that chemical reaction with a convenient chemical form 
of the desired non-metaUic radioisotope can be conducted in the minimum number of 

30 steps (ideally a single step), and without the need for significant purification (ideally 
no further purification) to give the desired radioactive product. Such precursors can 
conveniently be obtained in good chemical purity and, optionally suppUed in sterile 
form. 
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It is envisaged that "precursors'' (including ligand conjugates) for radiolabelling of the 
MMP inliibitors of the present invention can be prepared as follows: 

The terminal -OH group of an -N(CH2)20H or -N(CH2)30H derivative may be 
5 converted to a tosyl or mesyl group or bromo derivative, v/hich can then be used to 
conjugate an amino-functionalised chelator. Such tosylate, mesylate or bromo groups 
of the precursors described may alternatively be displaced v^ith [^^Fjfluoride to give 
an ^^F-labelled PET imaging agent. 

10 Radioiodine derivatives can be prepared from the corresponding phenol precursors. 
Alkyl bromide derivatives may be used for N-alkylation of an amine-fimctionalised 
chelator. Phenyl iodide derivatives can be converted to organometallic precursors for 
radioiodination compoimds, such as trialkyltin or aryl trimethylsilyl (TMS) precursors. 
Phenyl iodide derivatives can also be converted to an aryl iodonium precursor for 

1 5 radiofluorination with ^ ^F-fluoride. 

Primary amine-functionahsed MMP inhibitors may be reacted with acid anhydrides to 
give N-functionalised precursors of the type -N(CO)(CH2)3C02H, which can then be 
conjugated to biftmctional amine-containing ligands. Such primary amine substituted 
20 MMPis can be prepared by alkylation of bromo derivatives with benzylamine, 
followed by removal of the benzyl protecting group under standard conditions such as 
hydrogenation using a palladium catalyst on charcoal. 

Amine-fimctionalised MMPis may be conjugated directly with a carboxyl- or active 
25 ester-functionalised biftmctional chelator, or via 2l linker. Such compounds may also 
be reacted with a alkylating agent suitable for ^^F labelling such as ^^F(CH2)20Ts 
(where Ts is a tosylate group) or ^^F(CH2)20Ms (where Ms is a mesylate group), to 
give the corresponding N-functionalised amine derivative having an N(CH2)2^^F 
substituent. Alternatively, the amine can first be reacted with chloroacetyl chloride to 
30 give the -N(CO)CH2Cl N-derivatised amide, followed by reaction with HS(CH2)3^^F 
or HO(CH2)3^^F to give the ^N(CO)CH2S(CH2)3^^F and -N(CO)CH2Q(CH2)3^^F 
products respectively. 
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The radiometal complexes of the present invention may be prepared by reaction of a 
solution of the radiometal in the appropriate oxidation state with tire ligand conjugate 
of Formula Ila at the appropriate pH. The solution may preferably contain a ligand 
which complexes weakly to the metal (such as gluconate or citrate) i.e. the radiometal 
complex is prepared by ligand exchange or transchelation. Such conditions are useful 
to suppress undesirable side reactions such as hydrolysis of the metal ion. When the 
radiometal ion is ^^""Tc, the usual starting material is sodium pertechnetate from a 
^^o generator. Technetium is present in ^^""Tc-pertechnetate in the Tc(VII) 
oxidation state, which is relatively unreactive. The preparation of technetium 
complexes of lower oxidation state Tc(I) to Tc(V) therefore usually requires the 
addition of a suitable pharmaceutically acceptable reducing agent such as sodium 
dithionite, sodium bisulphite, ascorbic acid, formamidine sulphuric acid, stannous ion, 
Fe(II) or Cu(I), to facilitate complexation. The pharmaceutically acceptable reducing 
agent is preferably a stannous salt, most preferably stannous chloride, stannous 
fluoride or stannous tartrate. 



When the imaging moiety is a hyperpolarised NMR-active nucleus, such as a 
hyperpolarised ^^C atom, the desired hyperpolarised compound can be prepared by 
polarisation exchange from a hyperpolarised gas (such as *^^Xe or ^He) to a suitable 
^^C-enriched hydroxamic acid derivative. 

In a second aspect, the present invention provides a pharmaceutical composition 
which comprises the imaging agent as described above, together with a biocompatible 
carrier, in a form suitable for mammalian administration. The "biocompatible carrier'' 
is a fluid, especially a liquid, which in which the imaging agent can be suspended or 
dissolved, such that the composition is physiologically tolerable, ie. can be 
administered to the mammalian body without toxicity or undue discomfort. The 
biocompatible carrier is smtably an injectable carrier liquid such as sterile, pyrogen- 
free water for injection; an aqueous solution such as saline (which may 
advantageously be balanced so that the fmal product for injection is either isotonic or 
not hypotonic); an aqueous solution of one or more tonicity-adjustiiig substances (eg. 
salts of plasma cations with biocompatible counterions), sugars (e.g. glucose or 
sucrose), sugar alcohols (eg. sorbitol or mannitol), glycols (eg. glycerol), or other non- 
ionic polyol materials (eg. polyethyleneglycols, propylene glycols and the lilce). 
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In a third aspect, the present invention provides a radiopharmaceutical composition 
which comprises the imaging agent as described above wherein the imaging moiety is 
radioactive, together with a biocompatible carrier (as defined above), in a form 
suitable for mammalian administration. Such radiopharmaceuticals are suitably 
5 supplied in either a container which is provided with a seal which is suitable for single 
or multiple puncturing with a hypodemiic needle (e.g. a crimped-on septum seal 
closure) whilst maintaining sterile integrity. Such containers may contain single or 
multiple patient doses. Preferred multiple dose containers comprise a single bulk vial 
(e.g. of 10 to 30 cm volume) which contains multiple patient doses, whereby single 

10 patient doses can thus be withdrawn into clinical grade syringes at various time 
intervals during the viable lifetime of the preparation to suit the clinical situation. 
Pre-fiUed syringes are designed to contain a single human dose, and are therefore 
preferably a disposable or other syringe suitable for clinical use. The pre-filled 
syringe may optionally be provided with a syringe shield to protect the operator from 

15 radioactive dose. Suitable such radiopharmaceutical syringe shields are known in the 
art and preferably comprise either lead or tungsten. 



When the imaging moiety comprises ^^"^c, a radioactivity content suitable for a 
diagnostic imaging radiopharmaceutical is in the range 180 to 1500 MBq of ^^™Tc, 
20 depending on the site to be imaged in vivo, the uptake and the target to background 
ratio. 



The radiophamiaceuticals of the present invention may be prepared from kits, as is 
described in the fifth and sixth embodiments below. Altematively, the 
25 radiopharmaceuticals may be prepared under aseptic manufacture conditions to give 
the desired sterile product. The radiopharmaceuticals may also be prepared under 
non-sterile conditions, followed by terminal sterilisation using e.g. ganmia-irradiation, 
autoclavmg, dry heat or chemical treatment (e.g. with ethylene oxide). Preferably, the 
radiopharmaceuticals of the present invention are prepared from kits. 



30 



In a fourth aspect, the present invention provides a conjugate of the matrix 
metalloproteinase inhibitor of Formula (I) with a ligand. Said ligand conjugates are 
useful for the preparation of matrix metalloproteinase inhibitors labelled with either a 
radioactive metal ion or a paramagnetic metal ion. Preferably, the ligand conjugate is 
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* 



of Formula Ila, as defined above. Most preferably, the MMP inhibitor of the ligand 
conjugate is of Formula IV, as defined above. The Ugand of the conjugate of the 
fourth aspect of the invention is preferably a chelating agent. Preferably, the chelating 
agent has a diaminedioxime, N2S2, or N3S donor set. 

5 

In a fifth aspect, the present invention provides a non-radioactive kit for the 
preparation of the radiopharmaceutical composition described above where the 
imaging moiety comprises a radiometal, v^hich comprises a conjugate of a ligand with 
the matrix metalloproteinase inhibitor of Formula (I). When the radiometal is ^^""Tc, 
10 the kit suitably further comprises a biocompatible reductant. The Ugand conjugates, 
and preferred aspects thereof, are described in the fourth embodiment above. 

Such kits are designed to give sterile radiopharmaceutical products suitable for human 
administration, e.g. via direct injection into tlie bloodstream. For ^^"T'c, the kit is 

15 preferably lyophilised and is designed to be reconstituted with sterile ^^"^c- 
pertechnetate (TcOO firom a ^.^""Tc radioisotope generator to give a solution suitable 
for human administration without further manipulation. Suitable kits comprise a 
sealed container which permits maintenance of sterile integrity and/or radioactive 
safety, plus optionally an inert headspace gas (eg. nitrogen or argon), whilst permitting 

20 addition and withdrawal of solutions by syringe. A preferred such container is a 
septum-sealed vial, wherein the gas-tight closure is crimped on with an overseal 
(typically of aluminium). Such containers have the additional advantage that the 
closure can withstand vacuum if desired eg. to change the headspace gas or degas 
solutions. The kit comprises the Ugand or chelator conjugate in either free base or acid 

25 salt form, together vdth a biocompatible reductant such as sodium dithionite, sodium 
bisulphite, ascorbic acid, formamidine sulphinic acid, staimous ion, Fe(II) or Cu(I). 

* 

The biocompatible reductant is preferably a stannous salt such as stannous chloride or 
stannous tartrate. Alternatively, the kit may optionally contain a metal complex which, 
upon addition of the radiometal, undergoes transmetallation (i.e. metal exchange) 
30 giving the desired product. 

The non-radioactive kits may optionaUy further comprise additional components such 
as a transchelator, radioprotectant, antimicrobial preservative, pH-adjusting agent or 
filler. The ^^transchelator'' is a compound which reacts rapidly to form a weak 
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complex with technetium, then is displaced by the ligaiid. Tliis minimises the risk of 
foraiation of reduced hydrolysed technetium (RHT) due to rapid reduction of 
pertechnetate competing with technetium complexation. Suitable such transchelators 
are salts of a weak organic acid, ie. an organic acid having a pKa in the range 3 to 7, 
5 with a biocompatible cation. Suitable such weak organic acids are acetic acid, citric 
acid, tartaric acid, gluconic acid, glucoheptonic acid, benzoic acid, phenols or 
phosphonic acids. Hence, suitable salts are acetates, citrates, tartrates, gluconates, 
glucoheptonates, benzoates, phenolates or phosphonates. Preferred such salts are 
tartrates, gluconates, glucoheptonates, benzoates, or phosphonates, most preferably 

10 phosphonates, most especially diphosphonates, A preferred such transchelator is a salt 
of MDP, ie. methylenediphosphonic acid, with a biocompatible cation. By the term 
"biocompatible cation" is meant a positively charged coimterion which forms a salt 
with an ionised, negatively charged anionic group, where said positively charged 
counterion is also non-toxic and hence suitable for administration to the mammalian 

15 body, especially the human body. Examples of suitable biocompatible cations include: 
the alkali metals sodium or potassium; the alkaline earth metals calcium and 
magnesium; and the ammonium ion. Preferred biocompatible cations are sodium and 
potassium, most preferably sodium. 

20 By the term "radioprotectant" is meant a compound which inhibits degradation 
reactions, such as redox processes, by trapping highly-reactive free radicals, such as 
oxygen-containing free radicals arising from the radiolysis of water. The 
radioprotectants of the present invention are suitably chosen from: ascorbic acid, 
/7ara-aminobenzoic acid (ie. 4-aminobenzoic acid), gentisic acid (ie. 2,5- 

25 dihydroxybenzoic acid) and salts thereof with a biocompatible cation as described 
above. 

By the term "antimicrobial preservative" is meant an agent which inhibits the growth 
of potentially harmfiil micro-organisms such as bacteria, yeasts or moulds. The 
30 antimicrobial preservative may also exhibit some bactericidal properties, depending on 
the dose. The main role of the antimicrobial preservative(s) of the present invention is 
to inhibit the growth of any such micro-organism in the radiopharmaceutical 
composition post-reconstitution, ie. in the radioactive diagnostic product itself. The 
antimicrobial preservative may, however, also optionally be used to inhibit the growth 
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of potentially harmful micro-organisms in one or more components of the non- 
radioactive kit of the present invention prior to reconstitution. Suitable antimicrobial 
preservative(s) include: the parabens, ie. methyl, ethyl, propyl or butyl paraben or 
mixtures thereof; benzyl alcohol; phenol; cresol; cetrimide and thiomersal. Preferred 
5 antimicrobial preservative(s) are the parabens. 

The term "pH-adjusting agent" means a compound or mixture of compounds useful to 
ensure that the pH of the reconstituted kit is within acceptable limits (approximately 
pH 4.0 to 10,5) for human or mammalian administration. Suitable such pH-adjusting 

10 agents include pharmaceutically acceptable buffers, such as tricine, phosphate or TRIS 
[ie. ^n.s'(hydroxymethyl)aminomethane], and pharmaceutically acceptable bases such 
as sodium carbonate, sodium bicarbonate or mixtures thereof. When the conjugate is 
employed in acid salt form, the pH adjusting agent may optionally be provided in a 
separate vial or container, so that the user of the kit can adjust the pH as part of a 

1 5 multi-step procedure. 

■ 

By the term "filler" is meant a pharmaceutically acceptable bulking agent which may 
facilitate material handling during production and lyophilisation. Suitable fillers 
include inorganic salts such as sodium chloride, and water soluble sugars or sugar 
20 alcohols such as sucrose, maltose, mannitol or trehalose. 

In a sixth aspect, the present invention provides kits for the preparation of 
radiopharmaceutical preparations where the imaging moiety comprises a non-metallic 
radioisotope, ie. a gamma-emitting radioactive halogen or a positron-emitting 

25 radioactive non-metal. Such kits comprise a "precursor" as described below, 
preferably in sterile non-pyrogenic form, so that reaction with a sterile source of the 
radioisotope gives the desired radiopharmaceutical with the minimum number of 
manipulations. Such considerations are particularly important for 
radiopharmaceuticals where the radioisotope has a relatively short half-life, and for 

30 ease of handling and hence reduced radiation dose for the radiopharmacist. Hence, the 
reaction medium for reconstitution of such kits is preferably aqueous, and in a form 
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suitable for mammalian administration. The precursor is preferably provided in a 
sealed container, as described for the fourth embodiment above. 

The "precursor" suitably comprises a non-radioactive derivative of the matrix 
5 metalloproteinase inliibitor material in sterile, apyrogenic form, which is designed so 
that chemical reaction with a convenient chemical form of the desired non-metallic 
radioisotope can be conducted in the minimum nimiber of steps (ideally a single step), 
and without the need for significant purification (ideally no further purification) to 
give the desired radioactive product. Such precursors can conveniently be obtained in 
10 good chemical purity. Suitable precursors are derived from examples described in 
Bolton, J.Lab.Comp.Radiophami., 45, 485-528 (2002). 

Preferred precursors of this embodiment comprise a derivative which either undergoes 
electrophihc or nucleophilic halogenation; undergoes facile alkylation with an 
15 alkylating agent chosen firom an alkyl or fluoroalkyl halide, tosylate, triflate (ie. 

trifluoromethanesulphonate) or mesylate; or alkylates thiol moieties to form thioether 
linkages. Examples ofthe first category are: 

(a) organometallic derivatives such as a trialkylstaimane (eg. trimefliylstannyl or 
tributylstannyl), or a trialkylsilane (eg. trimethylsilyl); 
20 (b) a non-radioactive alkyl iodide or alkyl bromide for halogen exchange and 

alkyl tosylate, mesylate or triflate for nucleophilic halogenation; 
(c) aromatic rings activated towards electrophilic halogenation (eg. phenols) and 
aromatic rings activated towards nucleophilic halogenation (eg. aryl iodonium, 
aryl diazonium, nitroaryl). 

25 

Preferred derivatives which undergo facile alkylation are alcohols, phenols or amine 
groups, especially phenols and sterically-unhindered primary or secondary amines. 

Preferred derivatives which alkylate thiol-containing radioisotope reactants are N- 
30 haloacetyl groups, especially N-chloroacetyl and N-bromoacetyl derivatives. 

The precursors may be employed under aseptic manufacture conditions to give the 
desired sterile, non-pyrogenic material. The precursors may also be employed under 
non-sterile conditions, followed by terminal sterilisation using e.g. gamma-irradiation. 
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autoclaving, dry heat or chemical treatment (e.g. with ethylene oxide). Preferably, the 
precursors are employed in sterile, non-pyrogenic form. 

When in Fomiula I is H, suitable precursors for MMPi's of Formula I may 
therefore comprise a derivative where is a protecting group (P^ for the 
hydroxamic acid moiety. By the term "protecting group" is meant a group which 
inhibits or suppresses undesirable chemical reactions, but which is designed to be 
sufficiently reactive that it may be cleaved from the functional group in question 
under mild enough conditions that do not modify the rest of the molecule. After 
deprotection the desired product is obtained. Protecting groups are well known to 
those skilled in the art and are suitably chosen from, for amine groups: Boc (where 
Boc is ter^-butyloxycarbonyl), Fmoc (where Fmoc is fluorenylmethoxycarbonyl), 
trifluoroacetyl, allyloxycarbonyl, Dde [i.e. l-(4,4-dimethyl-2,6- 
dioxocyclohexyhdene)ethyl] or Npys (i.e. 3-nitro-2-pyridine sulfenyl); and for 
carboxyl groups: methyl ester, tert-hutyl ester or benzyl ester. For hydroxyl groups, 
suitable protecting groups are: benzyl, acetyl, benzoyl, trityl (Trt) or trialkylsilyl such 
as tetrabutyldimethylsilyl. For thiol groups, suitable protecting groups are: trityl and 
4-methoxybenzyl. Preferred protecting groups for the hydroxyl group of a 
hydroxamic acid moiety are: benzyl or trialkylsilyl. The use of further protecting 
groups are described in 'Protective Groups in Organic Synthesis', Theorodora W, 
Greene and Peter G. M. Wuts, (John Wiley & Sons, 1991). 

Preferred convenient chemical forms of the desired non-metallic radioisotope include: 

(a) halide ions (eg. ^^^I-iodide or ^^F-fluoride), especially in aqueous media, 
for substitution reactions; 

(b) *^C-methyl iodide or ^^F-fluoroalkylene compounds having a good leaving 
group, such as bromide, mesylate or tosylate; 

(c) HS(CH2)3^^F for S-alkylation reactions with alkylating precursors such as 
N-chloroacetyl or N-bromoacetyl derivatives. 

Examples of suitable such "precursors'*, and methods for their preparation are 
described in the first embodiment (above). 

The "precursor" of the kit is preferably suppUed covalently attached to a solid support 
matrix. In that way, the desired radiopharmaceutical product forms in solution. 
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whereas starting materials and impurities remain bound to the solid phase. Precursors 
for soUd phase electrophilic fluorination with ^^F-fluoride are described in WO 
03/002489. Precursors for solid phase nucleophilic fluorination with ^^F-fluoride are 
described in WO 03/002157. The kit may therefore contain a cartridge which can be 
5 plugged into a suitably adapted automated synthesizer. The cartridge may contain, 
apart from the solid support- bound precursor, a column to remove unwanted fluoride 
ion, and an appropriate vessel coimected so as to allow the reaction mixture to be 
evaporated and aUow the product to be formulated as required. The reagents and 
solvents and other consumables required for the synthesis may also be included 
10 together with a compact disc carrying the software which allows the synthesiser to be 
operated in a way so as to meet the customer requirements for radioactive 
concentration, volumes, time of delivery etc. Conveniently, aU components of the kit 
are disposable to miriinGise the possibility of contamination between runs and will be 
sterile and quality assured. 

15 

In an eighth aspect, the present invention discloses the use of the matrix 
metalloproteinase inhibitor imaging agent described above for the diagnostic imaging 
of atherosclerosis, especially unstable vulnerable plaques. 

20 hi a further aspect, the present invention discloses the use of the matrix 

metalloproteinase inhibitor imaging agent described above for the diagnostic imaging 
of other inflammatory diseases, cancer, or degenerative diseases. 

m 

In a further aspect, the present invention discloses the use of the matrix 
25 metalloproteinase inhibitor imaging agent described above for the intravascular 

detection of atherosclerosis, especially unstable vulnerable plaques, using proximity 

detection. Such proximity detection may be achieved using intravascular devices 

such as catheters or intra-operatively using hand-held detectors (eg. gamma detectors). 

Such intravascular detection is particularly useful when the imaging moiety is a 
30 reporter group suitable for in vivo optical imaging or a jS-emitter, since such moieties 

may not be readily detected outside the mammalian body, but are suitable for 

proxunity detection. 
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The invention is illustrated by the non-limiting Examples detailed below. Example 1 
describes the synthesis of the compoimd l,lJ-/m(2-aminoethyl)methane. Example 2 
provides an alternative synthesis of l,l,l-/m(2-aminoethyl)methane which avoids the 
5 use of potentially hazardous azide intermediates. Example 3 describes the synthesis 
of a chloronitrosoalkane precursor. Example 4 describes the synthesis of a preferred 
amine-substituted bifunctional diaminedioxime of the present invention (Chelator 1). 

Example 5 provides a synthesis of a MMPi of the invention. Compound 27. Example 
10 6 provides the synthesis of a phenol-substituted MMPi precursor suitable for 
radiohalogenation (Compound 23). Example 7 describes the synthesis of an 
iodoaniline precursor suitable for radiohalogenation (Compound 26). Example 9 
provides the synthesis of a chelator conjugate of an MMPi of the invention. Example 
10 provides the synthesis of an MMPi functionalised with a PEG linker group. 
15 Example 1 1 describes the synthesis of a chelator conjugate having a PEG linker group. 
Example 12 provides the synthesis of a chloroacetyl precursor suitable for PET 
radiolabelling. Example 13 provides the synthesis of thioether-Unked fluoroalkyl 
MMPi derivatives. Example 14 provides a range of amino acid and/or PEG-linked 
MMPis to peraiit modilBcation of the biological properties. 

20 

Examples 15 and 16 provide the syntheses of suitable ^^F-labelled compounds for ^^F 
MMPi radiolabelling. Example 17 provides the synthesis of compounds 45 to 48. 
Example 18 describes in vitro assays showing that the derivatives of the MMPis of the 
present invention retain biological activity as MMP inhibitors. Example 19 provides a 

25 general ^^"T'c radiolabelling method for chelator conjugates. Example 20 provides a 
radioiodination procedure for suitable precursors of the invention. Example 21 
provides a preparation of specific ^^F derivatives of the invention. Example 22 
provides evidence that radioiodinated derivatives of the invention exhibit adequate 
plasma stability to function as in vivo imaging agents. Example 23 describes the 

30 uptake of radioiodinated imaging agents of the invention in tumour models in vivo. 
This shows that the biodistribution can be modified using the linker groups of the 
invention. Compound 20A (ie. Compound 24A with a PEG3 spacer) showed similar 
blood residence, but a 10% increase in urinary excretion and corresponding 10% 
decrease in HBS compared to Compound 24A. Therefore the addition of a 
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biomodifier resulted in a change in phannacokinetics. Uptake into the tumour was 
shghtly lower than that seen for Compound 24A but retention was slightly increased. 
Compound 32A exhibited high initial blood retention, which cleared with time. Good 
tumour uptake and retention were seen up to 1 hour post injection. High urinary 
excretion and low GI excretion were seen. These pharmacokinetics are more desirable 
and significantly different from those of the compound without the biomodifier (ie. 
Compound 24A), demonstrating the beneficial effects of biomodification with these 
compounds with no loss of inhibition potency. 

Example 24 describes the uptake of ^^F-labelled imaging agents of the invention in 
tumour models in vivo. Example 25 describes the uptake of imaging agents of the 
invention in an in vivo model of atherosclerosis. Example 26 provides 
autoradiography evidence that the agents of the invention are taken up at sites of 
atherosclerosis in vivo. Example 27 describes tumour imaging in a tumour models. 

Figure 1 shows the chemical stractures of several compounds of the invention, 
including an MMPi from which they are derived (Compound 1). Figure 2 shows the 
chemical structures of 3 MMPis of the invention. Figure 3 shows images obtained 
from Example 27, 



Example 1; Synthesis of l.U"<m(2-aminoethvl)methane. 

(Step a): 3-(methoxvcarbonvlmethvlene)glutaric acid dimethvlester. 
Carbomethoxymethylenetriphenylphosphorane (167g, 0.5mol) in toluene (600ml) was 

treated with dimethyl 3-oxoglutarate (87g, O.Smol) and the reaction heated to lOO^C 

on an oil bath at 120^C imder an atmosphere of nitrogen for 36h. The reaction was 

then concentrated in vacuo and the oily residue triturated with 40/60 petrol 

ether/diethylether 1:1, 600ml. Triphenylphosphine oxide precipitated out and the 

supernatant liquid was decanted/filtered off. The residue on evaporation in vacuo was 

Kugelrohr distilled under high vacuum Bpt (oven temperature 180-200^C at 0.2torr) 

to give 

3-(methoxycarbonylmethylene)glutaric acid dimethylester (89.08g, 53%). 

NMR ^H(CDCl3): 8 3.31 (2H, s, CH2), 3.7(9H, s, 3XOCH3), 3.87 (2H, s, CH2), 5.79 

(IH, s, -CH, ) ppm. 
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NMR ''C(CDCl3), 5 36.56,CH3, 48.7, 2xCH3, 52,09 and 52.5 (2xCH2); 122.3 and 
146.16 C=CH; 165.9, 170.0 and 170.5 SxCOOppm. 

(Step b): Hvdrogenation of 3-(methoxYcarbonvlniethviene)glutaric acid dimethvlester. 
5 3-(methoxycarbonylmethylene)glutaric acid dimethylester (89g, 267minol) in 

methanol (200nil) was shaken with (10% palladium on charcoal: 50% water) (9 g) 

under an atmosphere of hydrogen gas (3.5 bar) for (30h). The solution was filtered 

through kieselguhr and concentrated in vacuo to give 3- 

(methoxycarbonyhnethyl)glutaric acid dimethylester as an oil, yield (84.9g, 94 %). 

10 NMR ^H(CDCl3), 6 2.48 (6H, d, J=8Hz, 3xCH2), 2.78 (IH, hextet, J=8Hz CH, ) 3.7 
(9H, s, 3XCH3). 

^^MR ^'C(CDCl3), 5 28.6, CH; 37.50, SxCHs; 51.6, 3xCH2; 172.28,3xCOO. 

(Step c): Reduction and esterification of trimethvl ester to the triacetate. 
15 Under an atmosphere of nitrogen in a 3 necked 2L round bottomed flask lithium 

aluminium hydride (20g, 588nMnol) in tetrahydrofuran (400ml) was treated cautiously 

with ^n5(inethyIoxycarbonylmethyl)methane (40g, 212mmol) in tetrahydrofuran 

(200ml) over Ih. A strongly exothermic reaction occurred, causing the solvent to 

reflux strongly. The reaction was heated on an oil bath at PO'^C at reflux for 3 days. 

20 The reaction was quenched by the cautious dropwise addition of acetic acid (1 00ml) 
until the evolution of hydrogen ceased. The stirred reaction mixture was cautiously 
treated with acetic anhydride solution (500ml) at such a rate as to cause gentle reflux. 
The flask was equipped for distillation and stirred and then heating at 90^C (oil bath 
temperature) to distil out tlae tetrahydrofiiran. A further portion of acetic anhydride 

25 (300ml) was added, the reaction returned to reflux configuration and stirred and heated 
in an oil bath at 140*^C for 5h. The reaction was allowed to cool and filtered. The 
aluminium oxide precipitate was washed with ethyl acetate and the combined filtrates 
concentrated on a rotary evaporator at a water bath temperature of 50^C in vacuo (5 
mmHg) to afford an oil. The oil was taken up in ethyl acetate (500ml) and washed 

30 with saturated aqueous potassium carbonate solution. The ethyl acetate solution was 
separated, dried over sodium sulphate, and concentrated in vacuo to afford an oil. The 
oil was Kugekohr distilled in high vacuum to give irw(2-acetoxyethyl)methane (45 .3g, 
96%) as an oil. Bp. 220 at 0.1 mmHg. 

NMR ^H(CDCl3), 5 L66(7H, m, 3xCH2,CH), 2.08(1H, s, 3XCH3); 4.1(6H, t, 3XCH2O). 
35 NMR ''C(CDCi3), 5 20.9, CH3; 29.34, CH; 32.17, CH2; 62.15, CH2O; 171, CO. 
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(Step d): Removal of Acetate groups from the triacetate. 

rrw(2-acetoxyethyl)methane (45.3g, 165mM) in methanol (200ml) and 880 ammonia 

(100ml) was heated on an oil bath at 80^C for 2 days. The reaction was treated with a 

further portion of 880 ammonia (50ml) and heated at 80^C in an oil bath for 24h. A 

5 further portion of 880 ammonia (50ml) was added and the reaction heated at 80°C for 

24h. The reaction was then concentrated in vacuo to remove all solvents to give an oil. 

This was taken up into 880 ammonia (150ml) and heated at 80^C for 24h. The 

reaction was then concentrated in vacuo to remove all solvents to give an oil. 

Kugelrohr distillation gave acetamide bp 170-180 0.2mm. The bulbs containing the 

1 0 acetamide were washed clean and the distillation continued. Jm(2- 

hydroxyethyl)methane (22.53g, 92%) distilled at bp 220 ^^C 0.2mm. 

NMR ^H(CDCl3), 5 L45(6H, q, SxCHz), 2.2(1H, quintet, CH); 3.7(6H, 1 3XCH2OH); 
5.5(3H, brs, 3xOH). 

NMR ^^C(CDCl3), 5 22.13, CH; 33,95, 3xCH2; 57.8, SxCHzOH. 

15 

(Step e): Conversion of the triol to the ^mfmethanesulphonate). 

To an stirred ice-cooled solution of /rz5(2-hydroxyethyl)methane (lOg, 0.0676mol) in 

dichloromethane (50ml) was slowly dripped a solution of methanesulphonyl chloride 

(40g, 0.349mol) in dichloromethane (50ml) under nitrogen at such a rate that the 

20 temperature did not rise above 15°C. Pyridine (21 .4g, 0.27mol, 4eq) dissolved in 

dichloromethane (50ml) was then added drop-wise at such a rate that the temperature 
did not rise above 15°C, exothermic reaction. The reaction was left to stir at room 
temperature for 24h and then treated with 5N hydrochloric acid solution (SOml) and 
the layers separated. The aqueous layer was extracted with further dichloromethane 

25 (50ml) and the organic extracts combined, dried over sodium sulphate, filtered and 
concentrated in vacuo to give /rw[2-(methylsulphonyloxy)ethyl]methane 
contaminated with excess methanesulphonyl chloride. The tlieoretical yield was 
25. 8g. 

NMR ^H(CDCl3), 8 4.3 (6H, t, 2XCH2), 3.0 (9H, s, SxCHa), 2 (IH, hextet, CH), 1.85 
30 (6H, q, 3XCH2), 

(Step f): Preparation of LlJ-fri.y(2-azidoethvl)methane. 
A stirred solution of frw[2-(methylsulphonyloxy)ethyl]methane [from Step 1(e), 
contaminated with excess methylsulphonyl chloride] (25. 8g, 67nnnol, theoretical) in 
35 dry DMF (250ml) under nitrogen was treated with sodium azide (30.7g, 0.47mol) 

portion-wise over 15 minutes. An exotherm was observed and the reaction was cooled 
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on an ice bath. After 30 minutes, the reaction mixture was heated on an oil bath at 
SO^C for 24h. The reaction became brown in colour. The reaction was allowed to 
cool, treated with dilute potassium carbonate solution (200ml) and extracted three 
times with 40/60 petiol ether/diethylether 10:1 (3x1 50ml). The organic extracts were 

5 washed with water (2x1 50ml), dried over sodium sulphate and filtered. Ethanol 

(200ml) was added to the petrol/ether solution to keep the triazide in solution and the 
volume reduced in vacuo to no less than 200mL Ethanol (200ml) was added and 
reconcentrated in vacuo to remove the last traces of petrol leaving no less than 200ml 
of ethanolic solution. The ethanol solution of triazide was used directly in Step 1(g). 

10 CARE : DO NOT REMOVE ALL THE SOLVENT AS THE AZIDE IS 

POTENTL\LLY EXPLOSIVE AND SHOULD BE KEPT IN DILUTE SOLUTION 
AT ALL TIMES, 

Less than 0.2ml of the solution was evaporated in vacuum to remove the ethanol and 
an NMR run on this small sample: 
15 NMR ^H(CDCl3), 6 3.35 (6H, t, SxCHz), 1.8 (IH, septet, CH, ), 1.6 (6H, q, 3xCH2). 

(Step g): Preparation of LLl-/r/j(2-aminoethvl)methane. 

2>75(2-azidoethyl)mefhane (1 5 .06 jg, 0.0676 mol), (assuming 1 00% yield from previous 
reaction) in ethanol (200ml) was treated with 10% palladium on charcoal (2g, 50% 

20 water) and hydrogenated for 12h. The reaction vessel was evacuated every 2 hours to 
remove nitrogen evolved from the reaction and refilled with hydrogen. A sample was 
taken for NMR analysis to confirm complete conversion of the triazide to the triamine. 
Caution; unreduced azide could explode on distillation. The reaction was filtered 
through a Celite pad to remove the catalyst and concentrated in vacuo to give tris(2- 

25 aminoethyl)methane as an oil. This was further purified by Kugekohr distillation 
bp.l80-200°C at 0.4mm/Hg to give a colourless oil (S.lg, 82.7% overall yield from 
the triol). 

NMR ^H(CDCl3), 2.72 (6H, t, SxCHzN), 1.41 (H, septet, CH), 1.39 (6H, q, 3xCH2). 
NMR ^^C(CDCl3), 8 39.8 (CH2NH2), 38.2 (CH2.), 31.0 (CH). 

30 

Example 2: Alternative Preparation of IJ J"^m(2-aminoethvl)methane, 

(Step a): Amidation of trimethylester with j^-methoxy-benzylamine. 

rn5(methyloxycarbonylmethyl)methane [2 g, 8.4 mmol; prepared as in Step 1(b) 
35 above] was dissolved in p-methoxy-benzylanMne (25 g, 178.6 mmol). The apparatus 
was set up for distillation and heated to 120 ^C for 24 hrs under nitrogen flow. The 



wo 2005/049005 



37 



PCT/GB2004/004792 



progress of the reaction was monitored by the amoxmt of methanol collected. The 
reaction mixture was cooled to ambient temperature and 30 ml of ethyl acetate was 
added, then the precipitated triamide product stirred for 30 min. The triamide was 
isolated by jSiltration and the filter cake washed several times with sufficient amounts 
5 of ethyl acetate to remove excess /?-methoxy-benzylamine. After drying 4.6 g, 100 %, 
of a white powder was obtained. The highly insoluble product was used directly in 
the next step without further purification or characterisation. 

(Step b): Preparation of lJJ-frz.y[2-(p-methoxvbenzvlamino)ethvl]methane. 

10 To a 1 000 ml 3-necked round bottomed flask cooled in a ice-water bath the triamide 
from step 2(a) (10 g, 17.89 mmol) is carefully added to 250 ml of IM borane solution 
(3.5 g, 244.3 mmol) borane. After complete addition the ice-water bath is removed 
and the reaction mixture slowly heated to 60 *^C. The reaction mixture is stirred at 60 
°C for 20 hrs. A sample of the reaction mixture (1 ml) was withdrawn, and mixed 

15 with 0.5 ml 5N HCl and left standing for 30 min. To the sample 0.5 ml of 50 NaOH 
was added, followed by 2 ml of water and the solution was stirred until all of the 
white precipitate dissolved. The solution was extracted with ether (5 ml) and 
evaporated. The residue was dissolved in acetonitrile at a concentration of 1 mg/ml 
and analysed by MS. If mono- and diamide (M+H/z = 520 and 534) are seen in the 

20 MS spectrum, the reaction is not complete. To complete the reaction, a further 100 ml 
of IM borane THF solution is added and the reaction mixture stirred for 6 more hrs at 
60 and a new sample withdrawn following the previous sampling procedure. 
Further addition of the IM borane in THF solution is continued as necessary xmtil 
there is complete conversion to the triamine. 

25 

The reaction mixture is cooled to ambient temperature and 5N HCl is slowly added, 
[CARE: vigorous foam formation occurs!]. HCl was added until no more gas 
evolution is observed. The mixture was stirred for 30 min and then evaporated. The 
cake was suspended in aqueous NaOH solution (20-40 %; 1:2 w/v) and stirred for 30 
30 minutes. The mixture was then diluted with water (3 volumes). The mixture was then 
extracted with diethylether (2 x 150 ml) [CARE: do not use halogenated solvents]. 
The combined organic phases were then washed with water (Ix 200 ml), brine (150 
ml) and dried over magnesium sulphate. Yield after evaporation: 7.6 g, 84 % as oil. 
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NMR ^H(CDCl3), 6: 1.45, (6H, m, SxCHz; 1.54, (IH, septet, CH); 2.60 (6H, t, 
3XCH2N); 3.68 (6H, s, ArCH2); 3.78 (9H, s, SxCHsO); 6.94(6H, d, 6xAr). 7.20(6H, d, 
6xAr). 

NMR ^^C(CDCl3), 5: 32.17,CH; 34.44, CH2; 47,00, CH2; 53.56, ArCHz; 55.25, 
5 CH3O; 113.78, At; 129.29, Ar; 132.61; Ar; 158.60, Ar; 

(Step cV Preparation of lJ,l-M.?(2-aminoethvl)methane. 
l,l,l-/rz5[2-(p-methoxybenzylamino)ethyl]methane (20.0 gram, 0.036 mol) was 

dissolved in methanol (100 ml) and Pd(0H)2 (5.0 gram) was added. The mixture was 

10 hydrogenated (3 bar, 100 ""C, in an autoclave) and stirred for 5 hours. Pd(0H)2 was 

added in two more portions (2 x 5gram) after 10 and 15 hours respectively. 

The reaction nMXture was filtered and the filtrate was washed with methanol. The 

combined organic phase was evaporated and the residue was distilled under vacuum 

(1 X 10 1 10 °C) to give 2.60 gram (50 %) of l,l,l-/77.s(2-aminoethyl)methane 

1 5 identical with the previously described Example 1 . 

« 

Example 3: Preparation of 3-chloro-3-methyl-2-iiitrosobutane. 

A mixture of 2-methylbut-2-ene (147ml, 1.4mol) and isoamyl nitrite (156ml, 1.16mol) 

20 was cooled to -30 °C in a bath of cardice and methanol and vigorously stirred with an 

overhead air stirrer and treated dropwise with concentrated hydrochloric acid (140ml, 

L68mol ) at such a rate that the temperature was maintained below -20**C. This 

requires about Ih as there is a significant exotherm and care must be taken to prevent 

overheating. Ethanol (100ml) was added to reduce the viscosity of the slurry that had 

25 formed at the end of the addition and the reaction stirred at -20 to -lO^C for a fiirther 

2h to complete the reaction. The precipitate was collected by filtration under vacuum 

and washed with 4x3 0ml of cold (-20°C) ethanol and 100ml of ice cold water, and 

dried in vacuo to give 3-chloro-3-methyl-2-nitrosobutane as a white solid. The ethanol 

filtrate and washings were combined and diluted with water (200ml) and cooled and 

30 allowed to stand for Ih at -10*^C when a further crop of 3-chloro-3-methyl-2- 

nitrosobutane crystallised out. The precipitate was collected by filtration and washed 

with the minim um of water and dried in vacuo to give a total yield of 3-chloro-3- 

methyl-2-mtrosobutane (11 5g 0.85mol, 73%) >98% pure by NMR. 

NMR 'H(CDCl3), As a mixture ofisomers (isomer 1,90%) 1 .5 d, (2H, CH3), 1.65 d, 
35 (4H, 2 XCH3), 5.85,q, and 5.95,q, together IH. (isomer2. 10%), 1.76 s, (6H, 2x CH3), 
2.07(3H, CH3). 
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jExample 4; Synthesis of ft/^fN-dJ-dimethvI-l-N-hydroxyimine propyn2- 
ammoethyI1-(2-aininoethyl)methane (Chelator 1). 

To a solution of ^7-i^(2-ammoethyl)methane (4.047g, 27.9nimol) in dry ethanol (30ml) 
was added potassium carbonate anhydrous (7.7g, 55.8niniol, 2eq) at room temperature 
5 with vigorous stirring under a nitrogen atmosphere. A solution of 3-chloro-3-methyl- 

ft 

2-mtrosobutane (7.56g, 55.8mol, 2eq) was dissolved in dry ethanol (100ml) and 75ml 
of this solution was dripped slowly into the reaction mixture. The reaction was 
followed by TLC on silica [plates run in dichloromethane, methanol, concentrated 
(0.88sg) ammonia; 100/30/5 and the TLC plate developed by spraying with ninhydrin 

10 and heating]. The mono-, di- and tri-alkylated products were seen with RF's 

increasing in that order. Analytical HPLC was run usmg RPR reverse phase column in 
a gradient of 7.5-75% acetonitrile in 3% aqueous ammonia. The reaction was 
concentrated in vacuo to remove the ethanol and resuspended in water (11 0ml). The 
aqueous slurry was extracted with ether (100ml) to remove some of the trialkylated 

1 5 compound and lipophiUc impurities leaving the mono and desired dialkylated product 
in the water layer. The aqueous solution was buffered with ammonium acetate (2eq, 
4.3g, 55.8mmol) to ensure good chromatography. The aqueous solution was stored at 
4**C overnight before purifying by automated preparative HPLC. 



Yield (2.2g, 6.4mmol, 23%). 
20 Mass spec; Positive ion 10 V cone voltage. Found: 344; calculated M+H= 344. 

NMR 'H(CDCl3), 8 1.24(6H, s, 2XCH3), 1.3(6H, s, 2XCH3), 1 .25-1 .75(7H, m, 
3xCH2,CH), (3H, s, 2XCH2), 2.58 (4H, m, CH2N), 2.88(2H, t CH2N2), 5.0 (6H, s, 
ISIH2 , 2xNH, 2xOH). 

NMR ((CD3)2SO) 61.1 4xCH; 1.29, 3xCH2; 2.1 (4H, t, 2XCH2); 
25 NMR "C((CD3)2SO), 6 9.0 (4xCH3), 25.8 (2XCH3), 31.0 2xCH2. 34.6 CH2, 56.8 
2XCH2N; 160.3, C=N. 

HPLC conditions: flow rate 8ml/min using a 25mm PRP colunm 
A=3% ammonia solution (sp.gr = 0.88) /water; B = Acetonitrile 
30 Time %B 



Load 3ml of aqueous solution per run, and collect in a time window of 12.5-13.5 min. 
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Example 5: Synthesis of 3"[(4^-Fluorobiphenyl-4-sulfonvlHl- 
hydroxycarbamovlcvclopeatsilammolpropionic Acid (Compound 27: Prior Art), 

(Step A) To a solution of 1-aminocyclopentanecaxboxylic acid benzyl ester p- 
toluenesulfonic acid salt (12.1 grams, 30.9 mmol) and triethylamine (10.0 niL, 72 

5 mmol) in water (150 mL) and 1,4-dioxane (150 mL) was added 4'- fluorobiphenyl-4- 
sulfonyl chloride (8.8 grams, 32.5 mmol). The mixture was stirred at room 
temperature for 16 hours and then most of the solvent was removed by evaporation 
imder vacuum. The mixture was diluted with ethyl acetate and was washed 
successively witti dilute hydrochloric acid solution, water, and brine. The solution was 

10 dried over magnesium sulfate and concentrated to leave l-(4 -fluorobiphenyl-4- 
sulfonylamino) cyclopentanecarboxylic acid benzyl ester as a solid, 12.33 grams 
(76%). 

(Step B) To a solution of l-(4 -fluorobiphenyl-4-sulfonylamino) 
cyclopentanecarboxyUc acid benzyl ester (23.0 grams, 50.7 mmol) in dry DMF (500 

15 ml) at room temperature was added potassium hexamethyldisilazide (12.2 grams, 61.1 
mmole) and, after 45 minutes, tert- butyl-(3-iodopropoxy)dimethylsilane (18.3 grams, 
60.9 mmol). The resulting mixture was stirred at room temperature for 16 hours. 
Additional potassium hexamethyldisilazide (3.0 grams, 15 mmole) and tert- butyl-(3- 
iodopropoxy)-dimethylsilane (4.5 grams, 15 mmol) were then added. Stirring at room 

20 temperature was continued for a further 5 hours. The mixture was quenched by 
addition of saturated ammonium chloride solution. The DMF was removed by 
evaporation xmder vacuum. The residue was taken up in diethyl ether and washed 
successively with water, dilute aqueous hydrochloric acid solution and brine. After 
drying over magnesium sulfate, the diethyl ether was evaporated to afford a yellow oil. 

25 To this was added hexane and methylene chloride to induce crystallization of the 
starting material which was recovered by filtration. Evaporation of solvents from the 
filtrate afforded crude 1- [[3-(tert-butyl-dimethylsilanyloxy)propyl)-(4 - 
fluorobiphenyl-4-sulfonyl) amino] -cyclopentanecarboxylic acid benzyl ester as an 
amber oil (27.35 grams). 

30 (Step C) To a solution of the crude l-[[3-(tert-butyl-dimethylsilanyloxy)propyl]-(4 - 
fluorobiphenyl"4-sulfonyl)amino] cyclopentanecarboxyUc acid benzyl ester (27.35 
grams) in methylene chloride (450 mL) at room temperature was added boron 
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trifluoride etlierate (11 mL, 89.4 mmol). After 45 minutes, the reaction was quenched 
by sequential addition of saturated ammonium chloride solution and water. The 
organic phase was separated, washed with water and brine and dried over magnesium 
sulphate. Evaporation of the solvent under vacuum provided crude l-[(4'- 
5 fluorobiphenyl-4-sulfonyl)-(3-hydroxypropyl)amino]-cyclopentane carboxylic acid 
benzyl ester as an amber oil (22.1 grams). 

(Step D) A solution of the crude l-[(4'-fluorobiphenyl-4-sulfonyl)-(3- 
hydroxypropyl)amino]-cyclopentanecarboxylic acid benzyl ester (22.1 grams) in 
acetone (400 mL) was cooled in an ice bath and treated with Jones reagent (about 20 

10 mL) until an orange colour persisted. The mixture was stirred from 0°C to room 
temperature over 2 hours. After quenching excess oxidant with isopropanol (1 niL), 
Celite® was added and the mixture was filtered. The filtrate was concentrated under 
vacuum. The residue was taken up in ethyl acetate, washed with water and brine, 
dried over magnesium sulphate and concentrated to afford crude l-'[(2-carboxyethyl)- 

15 (4'-fluorobiphenyl-4-sulfonyl)amino]--cyclopentanecarboxyHc acid benzyl ester as an 
oil (2 L4 grams). 

(Step E) To a solution of the crude l-[(2-carboxyethyl)-(4 •fluorobiphenyl-4- 
sulfonyl)ainino]- cyclopentanecarboxylic acid benzyl ester (2L4 grams) in DMF (500 
mL) at room temperature was added potassium carbonate (22.5 grams, 163 mmol) and 

20 methyl iodide (3.7 mL, 59.4 mmol). The mixture was stirred for 16 hours at room 
temperature and was then concentrated under vacuum. The residue was taken up in 
water and acidified using 6N aqueous hydrogoa chloride solution. The resulting 
mixture was extracted with a mixture of diethyl ether and ethyl acetate. The organic 
extract was washed with water and brine, dried over magnesium sulphate. After 

25 concentration to an amber oil, l-[(4 -fluorobiphenyl-4-sulfonyl)-(2- 

methoxycarbonylethyl)amino]-cyclopentane-l-carboxylic acid benzyl ester (12.6 
grams), a white solid, was isolated by flash chromatography on sihca gel eluting with 
15% ethyl acetate in hexane. 

(Step F) A solution of l-[(4 -fluorobiphenyl-4-sulfonyl)-(2- 
30 methoxycarbonylethyl)amino]-cyclopentane-l -carboxylic acid benzyl ester (12.1 
grams, 22.4 mmole) in methanol (270 mL) was treated with 10% palladium on 
activated carbon and hydrogenated in a Parr® shaker at 3 atmospheres pressure for 
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* 



3.5 hours. After filtration through nylon (pore size 0.45 jim) to remove the catalyst, 
the solvent was evaporated to afford l-{(4-fluorobiphenyl-4-sulfonyl)-(2- 
methoxycarbonylethyl)amino]cyclopentane-l-carboxylic acid as a white foam (10.1 
grams, 100%). 

5 (Step G) Diisopropylethylamine (4.3 mL, 24.6 mmol) and (benzotriazol-l-yloxy)tris- 
(dimethylamino)phosphonium hexafluorophosphate (11.0 grams, 24. 9 mmol) were 
added sequentially to a solution of l-[(4 -fluorobiphenyl-4-sulfonyl)-(2" 
methoxycarbonylethyl)-amino]cyclopentane-l-carboxylic acid (10.1 grams, 22.4 
mmole) in N,N-dimethylformamide (170 mL). The mixture was stirred for 4 hours. 

10 Additional diisopropylethylamine (7.8 mL, 44.6 mmol) and O-benzylhydroxylamine 
hydrochloride (4.64 grams, 29.1 mmol) were then added and the resulting mixture 
was stirred at eO^'C for 16 hours. After concentration under vacuum, the residue was 
taken up in water and acidified with IN aqueous hydrogen chloride solution. The 
mixture was extracted with ethyl acetate and the extract was washed sequentially with 

1 5 water, saturated aqueous sodimn bicarbonate solution and brine. The solution was 
dried over magnesiimi sulphate and concentrated to give a solid which upon 
trituration with 7:3:1 hexane/ethyl acetate/ methylene chloride provided 3-[(l- 
benzyloxycarbamoylcyclopentyl)- (4 - fluorobiphenyl-4-sulfonyl)amino]propionic 

* 

acid methyl ester as a white crystalline solid (10.65 grams, 86%). 

20 (Step H) A solution of 3-[(l-benzyloxycarbamoylcyclopentyl)-(4'-fluorobiphenyM- 
sulfonyl)amino]propiomc acid methyl ester (10.65 grams, 19.2 mmol) in methanol 
(250 mL) was treated with 5% palladium on barium sulphate and hydrogenated in a 
Parr® shaker at 3 atmospheres pressure for 3 hours. After filtration through nylon 
(pore size 0.45 (xm) to remove the catalyst, the solvent was evaporated to afford 3- 

25 [(4*-fluorobiphenyl-4-sulfonyl)<l-hydroxycarbamoylcyclopentyl)amino)propiom 

acid methyl ester as a white foam (8.9 grams, 100%). 

NMR (DMSO'de) 6 8.80 (br s, 1 H), 7.85-7.75 (m, 6 H), 7.32-7.25 (m, 2 H), 3.54 
(s, 3 H), 3.52-3.48 (m, 2 H), 2.73-2.69 (m, 2 H), 2.24-2.21 (m, 2 H), 1.86-1. 83 (m, 2 
H), 1.60-1.40 (m, 4 H). 

30 (Step I) A solution of 3-[(4'-fluorobiphenyl-4-sulfonyl)-(l- 

hydroxycarbamoylcyclopentyl)amino]-propionic add methyl ester (8.9 grams, 19*2 
nrniol) in methanol (500 mL) was treated with aqueous 1 N sodium hydroxide 
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solution (95 mL, 95 mmol) and stirred at room temperature for 5.5 hours. The mixture 
was concentrated to remove methanol, diluted with water, acidified with 6 N aqueous 
hydrochloric acid solution and extracted with ethyl acetate. After washing with water 
and brine the organic extract was dried over magnesium sulphate and concentrated to 



cyclopentyl)amino]propionic acid as a white foam which was crystallised from ethyl 
acetate (6.74 grams, 78%). Mp: 163-164^C. 



NMR (DMS0-d6) 6 12.30 (br s, IH), 10.40 (br s, IH), 8.77 (br s, IH), 7.89-7.74 
(m, 6H), 7.31-7.27 (m, 2H), 3,51-3.44 (m', 2H), 2.64-2.60 (m, 2H), 2.24-2.22 (m, 2H), 
10 L86-1.83 (m, 2H), 1.60-1.40 (m, 4H). MS 449 (M-1). 



Example 6: Synthesis of Compound 23. 

To a stirred solution of Compound 1, 0-(lH-Benzotriazol-l-yl)-N, N, N', N'- 
1 5 tetramethyluronium tetrafluoroborate or TBTU and N-methyhnorpholine in DMF was 
added tyramine. The reaction mixture was allowed to react for 24 hours at room 
temperature imder inert atmosphere. The reaction was monitored via HPLC. After 

4 

completion the yellow clear solution was concentrated and dried under high vacuum 

for four hours. The crude product was purified via HPLC preparative and yielded 88% 

20 of an ofif white solid. 

'HNMR (DMSO): 510.5 (IH, s, NH);9.3 (IH, s, NH);'8.8 (IH, s, 0H);8 (IH, s, 
OH); 7.8 (2H, J = 8.8 Hz, d,Har); 7.3 (2H, J= 8Hz, t, Har); 7.2 (2H, d, J= 8Hz, Har); 
7.1 (2H, J=8.8 Hz, d, Har); 7 (2H, J= 8.8 Hz, d, Har); 6.7 (2H, J= 8.8 Hz, d, 2H); 3.4 
(2H, m, CHa); 3.1 (2H, m, CHa); 2.7 (2H, m, CHz). 2.6 (2H, m, CH2); 2.2-1.9 (4H, m, . 
25 CH2); 1.5(4H,m,CH2) 

MS: (ESI) 586.2 (MH^ and 608.2 (MNa^ 
HPLC: 98% pure. 



yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyAOP) and N- 
methylmorpholine in DMF was added iodoaniline. The reaction mixture was allowed 
to react for 3 days at room temperature under inert atmo^here. The reaction was 
35 monitored by HPLC. After completion the solution was concentrated and dried under 



5 



afford 3-[(4'-fluorobiphenyl-4-sulfonyl)-(l-hydroxycarbamoyl- 



30 



Example 7: Synthesis of Compound 26. 

To a stirred solution of Compoimd 1, (7-A2abenzotriazole-l- 
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high vacuum for four hours. The crude product was purified by preparative HPLC and 

yielded 21% of solid. 

MS: (ESI) 668 (MH^) and 690 (MNa"") 

HPLC: 100% pure. 

5 

Example 8: Synthesis of Compound 24> 

Step A: Preparation of 3-iodotyramine. 

Iodine solution (IM, 2ml) was added slowly at room temperature to 20 ml of a 
10 tyramine solution (50mM in 30% ammonia). After 5 hours the solution was 

concentrated to 5 ml and left overnight at O^'C. The off-white precipitate fomied was 
filtrated and washed with cold water. The solid was dried under high vacuum 
overnight. 

NMR (CD3OD): 6 2.7 (2H, t, J= 7Hz); 2.9 (2H, t, J-7Hz); 6.7 (IH, d, J=8.1Hz); 
15 7.1 (IH, dd, J- 2.2Hz, 8Hz); 7.5 (IH, d, J=2.2Hz). 

Step B. 

To a stirred solution of Compound 1, 0-(lH-BenzotriazoH-yl)-N, N, N% N'- 
tetramethyluronium tetrafluoroborate (TBTU) and N-methylmorpholine in DMF was 

20 added 3-iodotyrainine (from Step A). The reaction mixture was allowed to react for 
24 hours at room temperature under inert atmosphere. The reaction was monitored via 
HPLC. After completion the yellow clear solution was concentrated and dried under 
high vacuum for four hours. The cmde product was purified by preparative HPLC and 
yielded 10% of an off white solid (Compound 24). 

25 MS (ESI): 712 (MH^ 734 (MNa^ 



■ 



« 
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Example 9: Synthesis of A Chelator-MMPi Conjugate (Compound 2). 




Compound 2. 



Compound 1 (5.1 mg), PyAOP (6.0 mg) and N-methylmorpholine (2 |j.L) were 
5 dissolved in dimethylfonnamide (0.5 mL) and the mixture stirred for 2 minutes. 
Chelator 1 (3.4 mg) was added and the reaction mixture stirred overnight. 20 % 
acetonitrile/water (8 mL) was added and the product purified using preparative HPLC 
(column: Phenomenex LuBa 1 Op, CI 8 (2) 250 x 10 mm, detection: 230 nm, solvent A: 
H2O/O.I % TFA, solvent B: CH3CN/O.I % TFA, flow: 5 mL/min, gradient: 20-60 % 
10 B over 30 min, ta: 17 min). After lyophilisation 1 mg pure material was obtained and 
characterised by LC-MS (colunrn: Phenomenex Luna 5^1 C18 (2) 250 x 4.6 mm, 
detection: 214 nm, solvent A: H2O/O.I % TFA, solvent B: CH3CN/O.I % TFA, flow: 
1 mL/min, gradient: 20-60 % B over 20 min, tR. 14.32 min, found m/z: 792.5, 
expected MH^: 792.4). 

15 



Example IQtSvpthesis of an Amino-PEG linker derivatised MMPi (Compound 4), 

Step (a) LI l-DiazidO'-3.6.9-trioxauhdecane. 

A solution of dry tetraethylene glycol (19.4 g, 0.100 mol) and methanesulphonyl 
20 chloride (25.2 g, 0.220 mol) in dry THF (100 ml) was kept under argon and cooled to 
0 °C in an ice/water bath. To the flask was added a solution of triethylamine (22.6 g, 
0.220 mol) in dry THF (25 ml) dropwise over 45 min. After 1 hr the cooling bath was 
removed and stirring was continued for 4 hrs. Water (60 ml) was added. To the 
mixture was added sodium hydrogen carbonate (6 g, to pH 8) and sodium azide (14,3 
25 g, 0.220 mmol), in that order. THF was removed by distillation and the aqueous 

solution was refluxed for 24 h (two layers formed). The mixture was cooled and ether 
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(100 ml) was added. The aqueous phase was saturated with sodium chloride. The 
phases were separated and the aqueous phase was extracted with ether (4 x 50 ml). 
Combined organic phases were washed with brine (2 x 50 ml) and dried (MgS04). 
Filtration and concentration gave 22.1 g (91%) of yellow oil. The product was used in 
the next step without further purification. 

Step (b) 1 l-Azido-3.6.9"trioxaundecanamine> 

To a mechanically, vigorously stirred suspension of 1,1 l-diazido-3,6,9- 
trioxaundecane (20.8 g, 0.085 mol) in 5% hydrochloric acid (200 ml) was added a 
solution of triphenylphosphine (19.9 g, 0.073 mol) in ether (150 ml) over 3 hrs at 
room temperature. The reaction mixture was stirred for additional 24 hrs. The phases 
were separated and the aqueous phase was extracted with dichloromethane (3 x 40 ml). 
The aqueous phase was cooled in an ice/water bath and pH was adjusted to ca 12 by 
addition of KOH. The product was extracted into dichloromethane (5 x 50 ml). 
Combined organic phases were dried (MgS04). Filtration and evaporation gave 14.0 g 
. (88%) of yellow oil. Analysis by MALDI-TOF mass spectroscopy (matrix: D-cyano- 
4-hydroxycinnamic acid) gave a M+H peak at 219 as expected. Further 
characterisation usmg (500 MHz) and ^^C (125 MHz) NMR spectroscopy verified 
the structure. 

« 

Step (c) Synthesis of (Compound 1VPEG(3)-Nt 



To a solution of Compound 1 (41 mg, 87 jimol) in DMF (5 ml) were added 11-azido- 
3,6,9-trioxamidecanamine (19 mg, 87 ^mol), HATU (Applied Biosystems, 33 mg, 87 
jimol) and DIEA (Fluka, 30 jil, 174 nmol). After one hour reaction time the mixture 
was concentrated and the residue was purified by preparative HPLC (column 
Phenomenex Luna CI 8(2) 5 ^m 21 .2 x 250 mm, solvents: A = water/0.1% TFA and 
B = acetonitrile/0.1% TFA; gradient 30-60% B over 60 min; flow 10.0 ml/min, UV 
detection at 214 nm), giving 33.9 mg (59%) of product after lyophilisation. LC-MS 
analysis (column Phenomenex Luna CI 8(2) 3 ^m 50 x 4.60 mm, solvents: A = 
water/0.1% TFA and B = acetomtrile/0.1% TFA; gradient 20-100% B over 10 min; 
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flow 1 ml/min, UV detection at 214 nm, ESI-MS) gave a peak at 4.88 min with iti/z 
667.4 (MH"^) as expected. 



To a solution of (Compoimd 1)-PEG(3)-N3 (4.7 mg, 7 ^imol) in methanol (4 ml) was 
10 added Ed/C (Koch-Light, ca 10 mg) added. The mixture was stirred at room 

temperature under hydrogen atmosphere (1 atm) for 10 min. The mixture was filtered 
and concentrated. LC-MS analysis (column Phenomenex Luna CI 8(2) 3 \im 50 x 4.60 
mm, solvents: A = water/0.1% TFA and B = acetonitrile/0.1% TFA; gradient 20- 
100% B over 10 min; flow 1 ml/min, UV detection at 214 nm, ESI-MS) gave a peak 
15 at 4.1 7 min with m/z 641 .4 (MH^ as expected. The product was used directly in 
subsequent steps without further purification. 

Example 11: Synthesis of Chelator Conjugate with PEGOVDiglvcolyl Spacer 
20 (Compound 3)> 

Step (a) Synthesis of (Compound l)-PEG(3)-DiglvcoUc acid. 



25 To a solution of (Compound 1)-PEG(3)-NH2 (Example 6, 25 mg, 39 ^imol) in DMF (4 
ml) was added diglycolic anhydride (Acros, 9 mg, 78 |imol). After stirring for 1.5 hrs 
the reaction mixture was concentrated and flie residue purified by preparative HPLC 
(column Phenomenex Luna CI 8(2) 5 ^im 21,2 x 250 mm, solvents: A = water/0.1% 
TFA and B = acetonitrile/0.1% TFA; gradient 20-80% B over 60 min; flow 10.0 

30 ml/min, UV detection at 214 nm), giving 14.9 mg (51%) of lyophilised material. The 
product was analysed by LC-MS (column Phenomenex Lima CI 8(2) 3 fim 50 x 4.60 
mm, solvents: A = water/0.1% TFA and B = acetonitrile/0.1% TFA; gradient 20- 
100% B over 10 min; flow 1 ml/min, UV detection at 214 nm, ESI-MS,) giving a 



Step (d) Synthesis of Compound 4. 



5 




Compound 4 
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peak at 4.15 min with m/z 757.3 (MH"^ corresponding to the product. Further 
characterisation was carried out using NMR spectroscopy. 



Step (b): Svntliesis of Compound 3. 



5 




OH 



Compound 3 



10 To a solution of (Compound l)-PEG(3)-Diglycolic acid (6.6 mg, 9 ^imol) in DMF (3 
ml) were added Chelator 1 (3.1 mg, 9 ^imol), HATU (Applied Biosystems, 3.4 mg, 9 
Hmol) and DIEA (Fluka, 3.1 ^1, 18 fimol). After 20 min the reaction time the mixture 
was concentrated and the residue was purified by preparative HPLC (colunm 
Phenomenex Luna C18(2) 5 \im 21.2 x 250 mm, solvents: A = water/0.1% TFA and 

15 B = acetonitrile/0.1% TFA; gradient 10-80 % B over 60 min; flow 10.0 ml/min, UV 
detection at 214 nm), giving 4.2 mg (43%) of lyophilised product. LC-MS analysis 
(column Phenomenex Luna CI 8(2) 3 jim 50 x 4.60 mm, solvents: A = water/0.1% 
TFA and B = acetonitrile/0.1% TFA; gradient 20-100% B over 10 min; flow 1 ml/min, 
UV detection at 214 nm, ESI-MS; tR = 4.17 min, m/z 1082.5 (MH*^) and NMR 

20 spectroscopy confirmed the structure. 

Example 12: Synthesis of chloroacetvl derivative for PET imaging (Compound 5\ 



Freshly prepared chloroacetic anhydride (52 mg, 0.30 mmol) and DIEA (51 nl, 0.30 
30 mmol) were added to a solution of Compound 4 (Example 10 step d, ca 0.15 mmol) in 
DMF (10 ml). After 1 hr the reaction mixture was concratrated and the residue was 
purified by preparative HPLC (column Phenomenex Luna CI 8(2) 10 p,m 50 x 250 
mm, solvents: A = water/0.1% TFA and B = acetonitrile/0.1% TFA; gradient 30-40% 
B over 60 min; flow 50.0 ml/min, UV detection at 214 nm), giving 25,8 mg (24%) of 



25 




Compound 5 
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product after lyophilisation.. LC-MS analysis (column Phenomenex Luna CI 8(2) 3 
lJ.m 50 X 4.60 mm, solvents: A - water/0.1% TFA and B = acetonitrile/0.1% TFA; 
gradient 20-100% B over 10 min; flow 1 ml/min, UV detection at 214 nm, ESI-MS) 
gave a peak at 6.01 min with m/z 717.5 (MH"*") as expected. 

5 

Example 13; Conjugation of 3-fluoropropvlthioi to chloroacetvlated compound 
(Compound 6). 

Step (a) Synthesis of 3->tritvlsulfanvl-propan-l-ol [PhjC-SfCH^^^QHl. 
10 Triphenyhnethanol (390.6 mg, 1 .5 mmol) in TFA (10 ml) was added dropwise to a 

stirred solution of 3-mercaptopropyl alcohol (129.6 p,l, 1.5 mmol) in TFA (10 ml). 

After the addition TFA was evaporated under reduced pressure and the arude product 

immediately purified by reverse phase preparative chromatography (Phenomenex 

Luna C18 column, 00G-4253-V0; solvents A= water / 0.1% TFA and B= CH3CN / 

15 0.1% TFA; gradient 70-80 % B over 60 min; flow 50 ml / minute; detection at 254 

nm), afifoniing 372 mg (74%) of pure compound, (analytical HPLC: Vydac C18 

column, 218TP54: solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; 

gradient 70-80 % B over 20 min; flow 1.0 ml /minute; retention time 5,4 minutes 

detected at 214 .jaid 254 nm). The structure was verified by NMR spectroscopy 

20 

Step (b) Synthesis of methanesulfonic acid 3-tritylsulfanvl-propvl ester 
rPh3C-S(CH,^.0Ms1. 

To a solution of 3-tritylsulfanyl-propan-l-ol (372,0 mg, 1,1 1 mmol) in THF (10 ml) 
was added triethylamine (151,7 mg, 209 fil, 1.5 mmol) and mesyl chloride (171.9 mg, 

25 116.6 /tl, 1 .5 mmol). After 1 hour reaction time the precipitate was removed by 

filtration. The solution was concentrated and the residue was purified by reverse phase. 
HPLC (Phenomenex Luna C18 column, 00G-4253-V0; solvents A= water / 0.1% 
TFA and B= CH3CN / 0.1% TFA; gradient 80-100 % B over 60 min; flow 50 ml / 
minute; detection at 254 nm), affording 318 mg (69%) of pure compound, (analytical 

30 HPLC: Vydac C18 column, 218TP54: solvents: A= water/ 0.1%TFA andB= 

CH3CN / 0.1% TFA; gradient 60-70 % B over 20 min; flow LO ml /minute; retention 
time 18,7 minutes detected at 214 and 254 nm). The structure was verified by NMR 
spectroscopy. 

35 
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Step (c) Synthesis of (3-fluoro-proDvlsulfanvDtriphenvlmethane rPh^C-SCCH?)!?!. 
Potassium fluoride (1 .4 mg, 0.024 mmol) and Kxyptofix 222 (9.0 mg, 0.024 nunol) 

were dissolved in acetonitrile (0.2 ml) (heating). A solution of methanesulfonic acid 

3-tritylsulfanyl-propyl ester (5 mg, 0.012 mmol) in acetonitrile (0.2 ml) was added. 

5 The reaction mixture was heated at 80 °C for 90 min. The crude product was purified 



by reverse phase preparative chromatography (Vydac CI 8 column, 218TP1022; 
solvents A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 40-90 % B over 
40 min; flow 10 ml / minute; detection at 254 rnn). A yield of 2 mg (50%) of purified 
material was obtained (analytical HPLC: Phenomenex Luna CI 8 column, OOB-4251- 
10 EO: solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 40-80 % B 
over 10 min; flow 2.0 ml /minute; retention time 8.2 minutes detected at 214 and 254 
nm). The structure was confirmed by NMR analysis. 

Step (d) Synthesis of Compound 6. 



..3-Fluoro-tritylsulfanyl-propane (1.4 mg, 4 |imol) was stirred in a mixture of TFA (50 
20 pi), triisopropylsilane (5 jil) and water (5 pi). The mixture was added to a solution of 
Compound 5 (1.5 mg, 2 jimol) in 1:1 mixture of water and acetonitrile (800 ^1). pH 
was adjusted to 10 by adding aqueous K2CO3 (200 ^il, 0.5 g/ml) and the mixture was 
heated at 60°C for 25 min. The product was purified by preparative HPLC (column 
Phenomenex Luna C18(2) 5 (un 10.0 x 250 mm, solvaits: A = water/0.1% TFA and 
25 B = acetonitrile/0. 1% TFA; gradient 30-50% B over 60 min; flow 5.0 ml/min, UV 
detection at 214 nm), giving 0.9 mg (58%) of product. LC-MS analysis (column 
Phenomenex Luna C18(2) 3 ^m 50 x 4.60 mm, solvents: A = water/0.1% TFA and B 
= acetonitrile/0. 1% TFA; gradient 10-80% B over 10 min; flow 1 ml/min, UV 
detection at 214 nm, ESI-MS; ta = 6.25 min, m/z 775.4 (MH*)) confirmed the 
30 structure. 



15 



H 




Compound 6 
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Example 14 Chloi oacetyiated, Amino Acid and PEG derivatives for PET 

imaeing (Compounds 7 to 22). 

[Compound lVLvs-Peg(4VDiglvcolvl>Lys(chloroacetvl)"NH7 (Compound 7V 




Compound 7 



Compound 7 was synthesised using a manual nitrogen bubbler apparatus on a 0.05 
mmol scale using Fmoc-protected Rink Amide MBHA resin (Novabiochem), Fmoc- 

IQ. Lys(Dde)-OH (Novabiochem), Fmoc-Lys(Boc)-OH (Novabiochem), Fmoc-amino- 
PEG-diglycolic acid (Polypure AS) and CP-471358 (Pfizer). All amino acids and CP- 
471358 were coupled using HATU/DIEA as coupling reagents. Reaction steps were 
analysed by Kaiser test. After coupling of the CP-compound side chain Dde group of 
C-tenninal lysine was cleaved by standard hydrazine treatment. Chloroacetic acid 

15 (Fluka) was coupled by fireshly prepared symmetrical anhydride. The simultaneous 
removal of product from the resin and cleavage of side-chain Boc protecting group 
was carried out in TFA containing 2.5% H2O and 2.5% triisopropylsilane for 2 hours. 
Crude material was precipitated from ether and purified by preparative HPLC 
(column Phenomenex Luna C18(2) 10 jxm 250 x 10 mm; solvents A = water/0.1% 

20 TFA and B = acetonitrile/0.1% TFA; gradient 20-40% B over 60 min; flow 5.0 
ml/min; UV detection at 214 nm) to give 5.0 mg of white solid. 
Analysis by LC-MS (column Phenomenex Luna CI 8(2) 3 /im 2.0 x 50 mm, solvents: 
A = water/0.1% TFA and B = acetonitrile/0.1% TFA; gradient 10-80% B over 10 min; 
flow 0.3 ml/min, UV detection at 214 and 254 nm, ESI-MS positive mode) gave a 

25 peak at 5.9 min with m/z 1088.4 as expected for MH+ 
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Using solid phase peptide synthesis methodology, Compounds 8 to 22 were prepared 
in the same manner and characterised by MS. 

5 Example 15; Synthesis of the ^^F-Labelled Derivative for N-alkvlation; 

Synthesis of S-f'^'FI fluoropropvl tosvlate. 

[ 18F] FV Kryp 2. 2. 21 K2CO3 



Via a two-way tap Kryptofix 222 (lOmg) m acetonitrile (300 /il) and potassium 
10 carbonate (4mg) in water (300 jLtl), prepared in a glass vial, was transferred using a 

18 

plastic syringe (1ml) into a carbon glass reaction vessel sited in a brass heater. F- 
fluoride (185-370MBq) in the target water (0.5-2ml) was then added through the two- 
way tap. The heater was set at IIS^'C and tlie timer started. After ISmins three 
aliquots of acetonitrile (0.5ml) were added at ImiQ intervals. The *^F-fluoride was 

1 5 dried up to 40mins in total. After 40mins, the heater was cooled down with 

compressed air, the pot hd was removed and l,3-propanediol-di-/?-tosylate (5-12mg) 
and acetonitrile (1ml) was added. The pot lid was replaced and the lines capped off 
with stoppers. The heater was set at lOO'^C and labelled at lOO^'C/lOmins. After 
labeUing, 3-[^^F] fluoropropyl tosylate was isolated by Gilson RP HPLC using the 

20 following conditions: 



30 Once isolated, the cut sample {ca, 10ml) was diluted with water (10ml) and loaded 
onto a conditioned C18 sep pak. The sep pak was dried with nitrogen for ISmins and 



flushed off with an organic solvent, pyridine (2ml), acetonitrile (2ml) or DMF (2ml). 
Approx. 99% of the activity was flushed off. 

35 3-[^^F] fluoropropyl tosylate is used to N-alkylate amines by refluxing in pyridine. 




O^CN, lOO^a 10 rri n 



25 




u-bondapakC18 7.8x300mm 

Water (pump A): Acetonitrile (pump B) 

1ml 

4ml/min 
254nm 

5-90% eluent B over 20 min 
12min 
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Example 16: [^^Fl-Thiol Derivative for S-alkylation. 
Step (a): Preparation of S-f^^F] fluoro-tritvlsulfanvl-propane. 



TrS 



OMs 



p8F]F7Kryp 2.2.2/K2CO3 
DMSO, 80°C/5 min 



TrS 



Via a two-way tap Kryptofix 222 (lOmg) in acetonitrile (800 jul) and potassium 
carbonate (Img) in water (50 /xl), prepared in a glass vial, was transferred using a 
plastic syringe (I ml) to the carbon glass reaction vessel situated in the brass heater. 

10 ^^F-fluoride (185-370 MBq) in the target water (0.5-2ml) was then also added through 
the two-way tap. The heater was set at 125°C and the timer started. After 15mins 
three aliquots of acetonitrile (0.5ml) were added at Imin intervals. The ^^F-fluoride 
was dried up to 40mins in total. After 40mins, the heater was cooled down with 
compressed air, the pot lid was removed and trimethyl-(3-tritylsulfanyl- 

15 propoxy)silane (l-2mg) and DMSO (0.2ml) was added. The pot lid was replaced and 
the lines capped off with stoppers. The heater was set at 80 °C and labelled at 80 
^C/5mins. After labelling, the reaction mixture was analysed by RP HPLC using the 
following HPLC conditions: 



20 



25 



30 



35 



Column 
Eluent 
Loop Size 
Pump speed 
Wavelength 

Gradient 



u-bondapak CI 8 7.8x300mm 

0.1%TFAAVater (pump A): 0.1%TFA/Acetomtrile (pump B) 

lOOul 

4ml/nMn 

254nm 



1 mins 
15 mins 
5 mins 



40%B 
40-80%B 

80%B 



The reaction mixture was diluted with DMSO/water (1:1 v/v, 0.15ml) and loaded onto 
a conditioned t-Cl 8 sep-pak. The cartridge was washed with water (10ml), dried with 
nitrogen and 3-[^^F] fluoro-l-tritylsulfanyl-propane was eluted with 4 aliquots of 
acetonitrile (0.5ml per ahquot). 

Step (b): Preparation of 3-[^^F1 fluoro-propane-1 -thiol 

TFA/ Tl 8/ \A&t er 



TrS 



1B| 



80oai0 rrin 
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A solution of 3-[^^F] fluoro-l-tritylsulfanyl-propane in acetonitrile (1-2 ml) was 
evaporated to dryness using a stream of nitrogen at lOO^'C/lOmins. A mixture of TFA 
(0.05ml), triisopropylsilane (0.01ml) and water (0.01ml) was added followed by 
heating at 80^C/10mins to produce 3-[^^F] fluoro-propane-1 -thiol. 

5 

Step (c): Reaction with -N(C0)CH9C1 Precursors. 

A general procedure for labelling a chloroacetyl precursor is to cool the reaction 
vessel containing the 3-[^^F] fluoro-l-mercapto-propane from Step (b) with 
compressed air, and then to add ammonia (27% in water, 0.1ml) and the precursor 
10 (Img) m water (0.05ml). The mixture is heated at 80 ^C/ 1 Omins. 

Example 17: Synthesis of Compomids 45-48« 

Step (a): Synthesis of aminooxv precursors. 

15 Compounds 45 and 47 were synthesised using a manual nitrogen bubbler app^atus on 
a 0.2 nunol scale starting with Fmoc-protected Rink Amide MBHA resin 
(Novabiochem). Fmoc amino acids were purchased from Novabiochem and mono 
disperse Fmoc-PEG amino acids from Polypure AS. Boc-(aminooxy)acetic acid was 
purchased from Fluka. After attaching Dde-Lys(Fmoc)-OH to the resin the side cham 

20 Fmoc group was cleaved followed by coupling of Boc(aminooxy)acetic acid. The Dde 
group was cleaved by standard hydrazine treatment. Lysine was coupled using 
HATU/DIEA whereas PyAOP/DIEA was used for aU other couplings. Glucose O- 
acetyl groups were removed by reaction with sodium methoxide in methanol before 
cleaving the material off the solid support. Simultaneous removal of product from the 

25 resin and cleavage of side-chain protecting groups was carried out in TFA containing 
2.5% H2O and 2.5% triisopropylsilane for 1-2 hours. Crude material was purified by 
preparative HPLC (column Phenomenex Luna C18(2) 5ft 21.2 x 250 mm; solvents A 
= water/O.1% TFA and B = acetonitrile/0.1% TFA; suitable gradient over 60 min; 

m 

flow 10.0 ml/min; UV detection at 214 nm) to give a white soHds or viscous, 
30 colourless oils after lyophilisation. Identity of the products was confirmed by LC-MS 
analysis (column Phenomenex Luna CI 8(2) 3 jLt 2.0 x 50 mm, solvents: A = 
water/0.1% TFA and B = acetonitrile/0.1% TFA; suitable gradient over 10 mm; flow 
0.3 ml/min, UV detection at 214 and 254 nm, ESI-MS positive mode) 
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Step (b): Conjugation to give non-radioactive fluorine Compounds 46 and48. 
4-Fluorobenzaldehyde and 4-(3-fluoropropoxy)benzaldehyde were purchased from 
Fluka and Fluorochem, respectively. To a solution of aminooxy precursor (ca 5 /imol) 
from a) in 20% acetonitrile (3 ml) was added aldehyde (5 ft)ld excess). The mixture 
5 was stirred at room temperature for 15 min and concentrated. The product was 
purified and analysed as under step (a) above. 

Example 18: In Vitro Metalloproteinase inhibition assay. 

10 Compounds were screened using the following commercially available Biomol assay 

kits: 

MMP-1 colorimetric assay kit - Catalogue number AK-404, 
MMP-2 colorimetric assay kit - Catalogue number AK-408, 
MMP-8 colorimetric assay kit - Catalogue number AK- 414, 
1 5 MMP-9 colorimetric assay kit ~ Catalogue number AK-4 1 0, 
MMP-1 2 colorimetric assay kit - Catalogue number AK-402, 
Which are available from Affiniti Research Products Ltd. (Palatine House, Matford 
Court, Exeter, EX2 8NL, UK). 

20 (a) Test Compound Preparation. 

Inhibitors were provided in powdered form, and stored at 4°C. For each inhibitor a 
ImM stock solution in DMSO was prepared, dispensed into 20^1 aUquots and these 
aUquots stored at -20°C. The stock solution was diluted to give 8 inhibitor 
concentrations (recommended: 50|xM, 5p,M, 500nM, 50nM, 5nM, 500pM, 50pM and 

25 5pM). Dilutions were made in the kit assay buffer. A five-fold dilution of the 

inhibitor stocks is made on addition to the assay wells, therefore final concentration 
range was from 10|aM to IpM. 

(b) Experimental Procedure. 
30 Details are provided with the commercial kit, but can be summarised as follows: 

- Prepare test compound dilutions as above, 

- Add assay buffer to plate, 

- Add test compounds to plate 

- Prepare standard kit inhibitor NNGH (see kit for dilution factor) 
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- Add NNGH to control inhibitor wells 

- Prepare MMP enzyme (see kit for dilution factor) 

- Add MMP to plate 

- Incubate plate at 2>TC for ~1 5min 

5 - Prepare thiopeptolide substrate (see kit for dilution factor) 

- Add substrate to plate 

- Count every 2niin for Ihr, 37°C, 414nm on a Labsystems iEMS plate reader (for 
MMP-1 count every 30 seconds for 20 minutes). 

10 (c) Results, 

The results are given in Table 1 : 



Table 1 



Compound 


MMP-1 
(Ki) 


MMP-2 
(Ki) 


MMP-8 
(Ki) 


MMP-9 
(Ki) 


MMP-12 
(Ki) 


20 




. 0.15 ± 
0.06nM 
(n=2) 




0.043 ± 
0.02nM 
(n=2) 


0.1 InM 


21 


194.9nM 


1.15± . 
0.1 5nM 

(n=3) 


0.87nM 


0.820 ± 
0.049 

(n=3) 




24 


4948.5 ± 
2684.9nM 
(n=2) 


0.14 ± 
0.06nM 
(n=3) 


3.93iiM 


0.58 ± 
0.3nM 
(n=3) 


0.67 ± 
O.HnM 
(n=2) 


32 


330nM 


0.62± 
0.1 5nM 
(n=4) 


2.17nM 


0.37± 
0.092nM 
(n=4) 


0.89 ± 
0.21nM 
(n=<2) 


38 




1.25 ± 

0.28nM 
(n=3) 




0.99 ± 
0.40nM 
(n=3) 


O.OSnM 


42 




2.190 ± 
1.510n 

M (n=2) 


1 


0.585 ± 
0.175nM 
(n=2) 


mm 


44 




0.25 ± 
0.12nM 
(n=3) 




0.076 ± 
0.074nM 
(n=2) 




46 


171.7 db 
25;0nM 
(n=2) 


1.96 ± 
l.OnM 

(n=3) 


0.52nM 


0.44 ± 
0.177nM 

(n=3) 


0.17nM 


48 


33.3iiM 




0.50nM 


0.2nM 





1 
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Example 19: "^^""Tc-radiolabelling (general method^ 

''^^"^Tc complexes may be prepared by adding the following to a nitrogen-purged P46 
vial: 

1 ml N2 purged MeOH, 
5 1 00/xg of the ligand-MMPi conjugate in 1 00/il MeOH, 

0.5ml NaaCOs/NaHCOa buffer (pH 9.2), 
0.5ml TCO4" from Tc generator, 
0.1 ml SnCl2/MDP solution, 

(solution containing 10.2mg SnCl2 and lOlmg methylenediphosphonic 
10 acid in lOOml N2 purged saline). 

ITLC (Instant thin layer chromatography) is used to determine the RCP. SG plates 
and a mobile phase of MeOH/CNILjOAc 0. IM) 1 : 1 show RHT (reduced hydrolysed 
Tc) at the origin, pertecfanetate at the solvent front and technetium complexes at an 
intermediate R£ 

15 

Example 20: General Procedure for Electrophilic Radioiodinatioa of Precursors, 

All precurors were labelled according to the following procedure: 

20 lO^iL O.lmM Na^^^I (in O.OIM NaOH, 1 x 10"^ mol) was added to a vial containing 
200|iL 0.2M NH4OAC buffer (pH 4). This mixture was added to a vial containing 
Na^^^I (25.0^L in 0.05M NaOH, ca. 500 MBq). The combined solution was then 
transferred to a silanised plastic vial. 5\xL (2.5 x 10"^mol) of a freshly prepared 
peracetic acid solution in water (approx. 5mM) was added to the reaction vial. Finally, 

25 the precusor (34 \iL of a 3mM solution in MeOH) was added to the reaction vial and 
the solution allowed to stand for 3 min. 

The compounds were purified by HPLC. 

HPLC Method: 
30 Solvent A: 0.1% TFA in water 

Solvent B: 0.1%TFAinMeCN 

Column: Phenomenex Luna 5 ^im CI 8(2) 1 50 x 4.6mm. 



35 



Gradient: 
Tune %B 
0.0 30 
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20.0 70 
20.20 100 
23.20 100 
23.70 30 
5 30.0 30 

Table 2: HPLC retention times of radioiodinated compounds 



Precursor 


Product name 


Retention time (min) 


Compound 23 


Compound 24A 


15.6 


Compound 19 


Compound 21 A 


7.6 


Compound 20 


Compound 20A 


9.4 


Compound 3 1 


Compound 3 OA 


9.1 



Example 21: Synthesis of ^"F-labeUed derivatives: Compounds 46B and 48B. 

10 Step (a): 4-^^F-benzaldehvde. 

To a flat-bottom carbon glass reaction vessel (4ml) was added Kryptofix 222 (5mg) in 
acetonitrile (SOOul) and potassium carbonate [13.5mg/ml (H2O), ca. 0.1m] (50ju,l) 
were added. The vessel was placed in a brass heater and the reaction vessel Ud fitted 
with 3 PTFE lines was tightened down. Line 1 was fitted witii a 2-way tap, line 2 was 

1 5 connected to a waste vial and line 3 was blanked off. The experimental set-up was 
placed behind a lead wall. '^F-Fluoride contained in the cyclotron target water (370- 
740MBq; 0.5-2ml) was added through tiie two-way tap. The N2 line was connected to 
the 2-way tap and the heater was set at 1 lO^C. At 10 min after heating was started, 
the N2 line was removed and an aliquot of acetonitrile (0.5ml) was added. This 

20 process was repeated at ca. 10.5 and 1 1 min after heating was started. Following each 
addition of acetonitrile the N2 line was reconnected to the 2-way tap. A second 
nitrogen line was connected to the capped off line 3, to flush out any liquid present in 
this line. The ^^F-Fluoride was dried up to 30mins in total. After 30mins, the heater 
was cooled down with compressed air, the reaction vessel lid was removed and 4- 

25 (trimethylammonium)benzaldehyde trifluoromethane sulfonate [prepared by the 
method of Poethko et al, J.Nucl.Med., 45(5) p 892-902 (2004); 0.5-0.8mg, 0.0016- 
0.0026mmol] m DMSO (lOOO/il) was added. The 3 PTFE lines were capped off with 
stoppers. The reaction vessel was heated at 90 °C/1 5min to yield 4-^ *F-benzaldehyde 
(typical incorporation yield ca.50%). The crude product was used without further 

30 purification. 
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Step (b): Conjugation procedure. 

Compound 45 (2mg, 0.003mmol) or Compound 47 (4mg, 0.002mmol) dissolved in 
citric acid/ Na2HP04 buffer [500/xl; prepared by mixing 809 /xL of a O.IM aqueous 
citric acid solution with 1 10 jtiL of a 0.2M aqueous solution of anhydrous Na2HP04], 
5 was added directly to 4-^^F-benzaldehyde (crude) from Step (a). The reaction vessel 
was heated at 70°C/15mins to yield crude Compound 46B or 48B. 

Step (c): Work'Up procedure and Formulation. 

The whole reaction mixture form step (b) was diluted with water to a volume of ca. 

20ml and loaded onto conditioned t-C18 sep pak [conditioned with DMS0(5ml) 
1 0 followed with water( 1 0ml)] . The loaded t-C 1 8 sep was subsequently flushed with 

water (2x5ml) followed with DMSO (3x5ml). The combined DMSO flushes, 

containing the desired products, were purified using the RP HPLC preparative system: 

Column LunaC18(2) lOxlOOmm (5u) 

Eluent Water (pump A): Acetonitrile (pump B) 

15 Loop Size 2ml 

> 

Flow rate 3ml/min 
Wavelength 254nm . 

Typical retention times for Compoimd 46B or 48B on the preparative column were 23 
and 21mins respectively. The separated HPLC peak was diluted with water to a 

20 volume of ca. 20ml and loaded onto a conditioned t-C 18 sep pak [conditioned with 
ethanol (5ml) followed with water (10ml)]. The loaded t-Cl 8 sep pak was 
subsequently flushed with water (lx5ml) followed with ethanol (3x0.2ml, lx0.4ml). 
The combined ethanol flush, containing the desired products, was evaporated to a 
volume of ca. 0.1ml and formulated to cfl.10% ethanol with phosphate-buffered saline 

25 (PBS, 1ml). pH of formulated compounds was ca. 7. 
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Example 22: Plasma and //; Vivo Stability of the ^^^I Radioiodinated Derivative 
of Compound 24 (Compound 24A). 

Plasma and in vivo stability studies were performed with Compound 24 A to determine 
5 the stability and metabolism of the compound. In vitro rat plasma stability 
demonstrated good stability, with RCP of parent compound changing from 93% to 
80% through 2 hours incubation at 3TC. 

In vivo studies in the rat showed both a slight instability and metabolism of 
10 Compound 24A through time in vivo. Only plasma and bile samples could be 
analysed due to insufficient radioactivity within the urine. An increasing amount of 
free iodide was seen in plasma samples through time, but only a small amount of total 
activity injected was present. One metabolite was detected in plasma samples and 4 
in bile samples, indicating that metabolism was also occurring. 

15 

Example 23: Biodistribution of a Radioiodinated Derivative (Compound 24 A) in 
an LLC Tumour Model In Vivo. 

1x10^ Lewis lung carcinoma (LLC) cells are injected subcutaneously into right inner 
20 thigh of C57BL/6 mice. Tumours were allowed to grow for 15 days prior to 
biodistribution being carried out. This model has been shown to expression levels of 
both active gelatmases (MMP-2) coUagenases (MMP-1 and 8) [Bae et al Drugs Exp 
Clin Res., 29(l):15-23 (2003)]. 

25 Results. 

Biodistribution studies were performed in the LLC tumour model. Compoimd 24A 
was initially cleared very rapidly from the blood and was primarily excreted through 
the hepatobiliary system (HBS). Some retention was seen within tumour tissue, with 
low background tissue uptake. A sxmmary of the results is given in Table 3 below: 
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Table 3 : biodistribution of I-labelled Compounds in a LLC tumour model. 





Time Post Injection (minutes) 




5 


30 


60 


120 




Mean 


STD 


Mean 


STD 


Mean 


STD 


Mean 


STD 






Compound 24A 










% ID Urinary 


7.17 


0.36 


6.89 


1.44 


5.5 


2.19 


7.22 


0.86 


% ID/g Tumour 


0.6 


0.18 


0.56 


0.12 


0.48 


0.06 


0.6 


0.07 


Tumour/Blood 


0.32 


0.07 


0.59 


0.19 


0.46 


0.05 


0.66 


0.19 


Tumour/Muscle 


1.19 


0.12 


1.6 


0.14 


1.41 


0.43 


1.87 


0.94 


Tumour/Lung 


0.22 


0.06 


0.39 


0.06 


0.37 


0.26 


0.85 


0.28 


Tumour/Heart 


0.27 


0.04 


0.57 


0.12 


^ 0.68 


0.07 


1.23 


0.26 






Compound 44A 










% ID Urinary 


3.94 


0.04 


5.85 


2.22 


6.36 


1.16 


9.42 


2.37 


% m/g Tumour 


1.14 


U.Zi 


0.5 


0.02 


0.66 


0.12 


0.53 


0.1 


Tumour/Blood 


0.41 


0,15 


0.38 


0.13 


0.42 


0.12 


0.43 


0.06 


Tumour/Muscle 


1.91 


L24 


1.57 


0.14 


2.3 


0.16 


2.8 


0.71 


Tumour/Lung 


0.49 


0.16 


0.54 


0.11 


0.69 


0.16 


0.72 


0.16 


Tumour/Heart 


0.86 


0.46 


0.870 


0.320 


0.940 


0.240 


1.060 


0.140 








Compound 32A 










% ID Urinary 


9.82 


4.99 


35.20 


4.08 


54.06 


7.63 


64.10 


7.29 


% ID/g Tumour 


2.58 


0.27 


2.67 


0.43 


2.03 


0.37 


1.34 


0.25 


Tumour/Blood 


0.16 




0.26 


0.03 


0.43 


0.05 


0.53 


0.11 


Tumour/Muscle 


1.66 




2.80 


0.68 


4.88 


2.10 


3.92 


0.60 


Tumour/Lung 


0.30 




0.43 


0.09 


0.69 


0.18 


0.55 


0.18 


Tumour/Heart 


0.48 


n 1 <c 

U. ID 


0.75 


0.15 


1.31 


0.15 


1.54 


0.37 








Compound 38A 










% ID Urinary 


6.37 




40.17 


8.53 


68.53 


5.54 


78.75 


1.69 


% ID/g Tumour 


2.08 


0 38 


2.14 


0.37 


1.06 


0.35 


0.42 


0.10 


Tumour/Blood 


0.13 


0.03 


0.30 


0.01 


0.45 


0.08 


0.52 


0.15 


Tumour/Muscle 


1.22 


0.18 


2.19 


0.27 


2.27 


0.58 


1.82 


0.52 


Tumour/Lung 


0.33 


0.09 


0.73 


0.09 


0.83 


0.12 


0.64 


0.18 


J. UmUUl/XlCai i 


0.29 


0.02 


0.90 


0.12 


1.25 


0.52 


1.14- 


0.15 








Compound 42A 










% ID Urinary 


6.89 


0.43 


16.98 


2.47 


31.69 


3.61 


48.07 


3.27 


% m/g Tumour 


2.26 


0.46 


2,67 


0.37 


2.35 


0.40 


1.29 


0.24 


Tumour/Blood 


0.26 


0.04 


0.54 


0.07 


0.66 


0.02 


0.56 


0.05 


Tumour/Muscle 


1.46 


0.22 


3.22 


0.09 


3.52 


0.54 


2.51 


0.87 


Tumour/Lung 


0.26 


0.05 


0.57 


0.03 


0.74 


0.08 


0.60 


0.04 


Tumour/Heart 


0.47 


0.13 


1.24 


0.10 


1.49 


0.21 


1.49 


0.42 








Compoi 


md 21A 










% ID Urinary 


5.62 


1.75 


26.73 


3.14 


39.99 


3.28 


52.08 


3.70 


% m/g Tumour 


1.64 


0.29 


2.20 


0.32 


1.97 


0.16 


1.60 


0.14 


Tumour/Blood 


0.13 


0.02 


0.33 


0.04 


0.40 


0.02 


0.37 


0.02 


Tnmour/Muscle 


0.92 


0.11 


1.72 


0.35 


2.30 


0.20 


2.44 


0.07 


Tumour/Lung 


0.28 


0.01 


0.65 


0.10 


0.66 


0.06 


0.61 


0.04 


Tumour/Heart 


0.30 


0.03 


0.83 


0.09 


1.14 


0.03 


0.91 


0.05 



where: STD = standard deviation, ID = injected dose and Urinary = urinary excretion. 
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Example 24: Biodistribution of F-labelled Derivatives (Compouads 46B and 
48B) in a Tumour Model In Vivo. 

Biodistribution was performed in the LLC tumour model of Example 23 with 
Compounds 46B and 48B. A summary of the results is given below: 

5 



Table 4: Biodistribution of F-labelled compounds in the LLC model in vivo. 





Time Post Injection (minutes) 




5 


30 


60 


120 




Mean 


STD 


Mean 


STD 


Mean 


STD 


Mean 


STD 








Compound 46B 










% ID Urinary 


6.60 


4.24 


12.00 


4.17 


15.02 


3.11 


19.68 


4»64 


% m/g Tumour 


0.42 


0.17 


0.53 


0.21 


0.32 


0.26 


0.31 


0.21 


Tumour/Blood 


0.18 


0.05 


0.47 


0.24 


0.73 


0.54 


0.73 


0.51 


Tumour/Muscle 


1.16 


0.12 


2.06 


0.63 


2.02 


1.10 


1.81 


1.00 


Tumour/Lung 


0.21 


0.09 


0.55 


0.21 


0.60 


0.53 


0.80 


0.79 


Tumour/Heart 


0.37 


0.11 


1.15 


0.33 


1.54 


1.12 


1.33 


1.02 








Compound 48B 










% ro Urinary 


0.24 


0.08 


15.29 


6.90 


56.89 


14.89 


59.33 


10.10 


% m/g Tumour 


2.53 


0.52 


2.33 


0.08 


1.81 


0.63 


1.62 


0.18 


Tumour/Blood 


0.11 


1.45 


0.24 


0.02 


0.51 


0.33 


0.41 


0.49 


Tumour/Muscle 


1.55 


1.45 


2.92 


0.79 


4.40 


5.59 


3.55 


1.25 


Tumour/Lung 


0.26 


0.18 


0.47 


0.10 


0.95 


0.93 


0.77 


0.44 


Tumour/Heart 


0.40 


0.40 


0.84 


0.09 


1.69 


1.20 


1.52 


0.83 



where: STD = standard deviation, ID = injected dose and Urinary = urinary excretion. 



10 Example 25: Biodistribution of ^^l- and ^^F4abelled Compounds in a Model of 
Atherosclerosis J/i Vivo. 
ApoE Ligation Model, 

ApoE -/- mice are transgenic knock-out mice, which lack the ApoE gene, and are 
therefore unable to regulate their plasma cholesterol levels. As a consequence ApoE 

1 5 mice develop atherosclerotic lesions, a process which is accelerated with feeding of 
high fat diet. Further acceleration of lesion development can be achieved by ligating 
the carotid artery, resulting in advanced lesion formation within 4 weeks of surgery 
and high fat diet feeding. This model has been shown to have have levels of tissue 
remodelling, with high macrophage and MMP expression, and is described by Ivan et 

20 al [Circulation, 105, 2686-2691 (2002)]. 
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Two controls have been used for these experiments: (1) ApoE sham animals in which 
the mice midergo the same surgical intervention but the sture is only passed beneath 
the carotid and then removed and , (2) C57BL/6 ligtaed animals which undergo the 
same surgical hgation and high fat feeding as the ApoE ligated mice. Literature 
reports have stated that these animals do have some level of tissue remodelling, but 
with lower active MMP levels [Ivan et al. Circulation, 105, 2686-2691 (2002)]. 



The results are given in Table 4: 

Table 4: biodistribution of ^^^I- and ^^F-labelled Compounds in the ApoE model 





ApoE Ligated 




ApoE Sham 




Time Post Injection 




5 




60 






60 






Mean 


STD 


Mean 


STD 




Mean 


STD 

... 


Compound 24A 


%ID/G 
Carotid 


2.67 


1.11 


2.00 


0.83 




0.25 


0.28 


Carotid/Blood 


0.94 


0.22 


1.97 


0.99 




0.19 


0.21 


Carotid/Lung 


0.62 


0.16 


1.71 


0.77 




0.17 


0.18 


Carotid/Heart 


0.48 


0.12 


1.03 


0.72 




0.21 


0.2 


















Compound 32A 


%ID/G 
Carotid 


10.32 


2.51 


10.85 


2.21 




2.91 


1.08 


Carotid/Blood 


0.46 


0.18 


1.21 


0.28 




0.69 


0.59 


Carotid/Lung 


1.01 


0.47 


1.45 


0.70 




0.70 


0.04 


Carotid/Heart 


1.39 


0.67 


3.94 


0.92 




1.28 


0.49 


















Compound 46B 


%ID/G 
Carotid 


0.88 


0.31 


0.44 


0.13 








Carotid/Blood 


0.42 


0.16 


0.61 


0.40 








Carotid/Lung 


0.35 


0.00 


0.53 


0.44 








Carotid/Heart 


0.49 


0.04 


1.11 


0.83 
























Compound 48B 


%ID/G 
Carotid 


12.01 


4.33 


10.34 


1.19 




2.37 


0.51 


Carotid/Blood 


0.40 


0.08 


0.96 


0.11 




0.2 


0.09 


Carotid/Lung 


0.75 


0.07 


1.42 


0.49 




0.25 


0.05 


Carotid/Heart 


1.27 


0.29 


2.71 


0.24 




0.81 


0.19 



where: STD = standard deviation and ID = injected dose. 
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Example 26: Autoradiography of Compounds 24A and 32A in a Model of 
Atherosclerosis In Vivo. 
Rabbit Cholesterol ModeL 

New Zealand White rabbits are fed a 1% cholesterol diet for 8 weeks to induce the 
5 development of atherosclerosis lesion in the aorta. Vahdation of this model has shown 
the development of macrophage rich, advanced atherosclerotic lesions from the aortic 
arch to the descending aorta. Briefly, Compounds 24A and 32A were injected i.v. 
into cholesterol fed rabbits, which were euthanized 2 hours p.i. The aorta was 
removed in toto, and fixed in 10% neutral buffered formalin. Aorta's were opened 
10 longitudinally along the ventral midline and stained en face with sudan IV, which 
detects the presence of atherosclerosis lesions via fat staining. Aorta's were then 
placed against a phosphor screen overnight. The screen was then scanned the 
following day to determine areas of radioactivity within the aortic tissue. 

15 The results showed uptake of both compounds into atherosclerotic lesions in the aorta 
with minimal uptake into normal aortic areas. 

Example 27: Imaging in a Tumour Model In Vivo. 

20 Imaging was performed with Compound 24A in the MDA-MB-23 1 tumour model (a 
human breast carcinoma xenograft model)- Literature evidence has demonstrated that 
MDA-MB-231 cells express a range of MMPs, including MMP-1 (pro and active) 
(Benbow et aL, Bacheimer et al\ MMP-2 (Bacheimer et aL; Lee et a/), MMP-3 
(Bacheimer et aL), MMP-7 pro (Bacheimer et aL), MMP-9 pro (not active) (Benbow 

25 et aL ; Bacheimer et aL; Lee et aL; Weber et al\ MMP-10, 1 1 and 14 (all pro) 
(Benbow et aL ; Bacheimer et aJ). 

Bachmeier et al Anticancer Res. 2001 Nov-Dec;21(6A):3821-8; 
Bae et al Drugs Exp Clin Res. 2003 ;29(1): 15-23; 
Benbow et al CUn Exp Metastasis. 1999 May;17(3):231-8; 
30 Lee et al , Eur. J Cancer, 2001; 37:106-113. 

Weber et al Int J Oncol.. 2002 Feb;20(2):299-303. 

Tumour "hotspots" were seen from 5 to 120 minutes post injection, with region of 
interest ratios to muscle greater than 2:1 at all time points. The results are shown in 
Figure 3. 



